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re HIS GRACE 1 


. it pleaſe Your GRACE, 
CEXLK MONG all the. Mathematical 


Sciences which have been conti- 

nually improved, and are daily 
$I improving in the World, the 
firſt Place has, as it were, by general Con- 
ſent, been always given to Aſtronomy. And 
ſuch has been either the good Fortune af ths 
Science, or the Virtue of Mankind, that the 
greateſt and moſt eminent Perſons, in all 
Ages and Nations, have been Patrons and 
* of this Study above all others. 


Ws A 2 . May 


DDI ATI O N. 


'M ay i pleaſe your Grace, ger. 
to take this Book into your Protection, ince 
whatever may be wanting, either in the 
Work or the Author, to recommend it to your 
. Favour, will abundantly be Suppli ed by * 
Dignity of the Subject. 


PPP IT rr . 
— =! 


For 10 whom can J ſo properly ſend a 
Treatiſe of the Stars and beaveniy Motions, 
as to a faithful and zealous Servant of that 
heavenly King, who knoweth the Number 
f of the Stars, and calleth them by their 
I | Names? So remarkable is your Grace's Zeal 
; . for the Service and Honour of God, that you 
| Too particular Care to adorn his Houſe be- 
| fore you would lay the Foundation of your 
1 own. Nor did your Care extend only to the 
E-1 Ornaments of the Temple, but likewiſe, and 
FO more eſpecially, to the Decency of the Wor- 
Peip: You called Muſick in to excite Devo- 
tion; Mufick being the Delight and 5 
ment of the heavenly Choir. 


PP 


You, my Lon, are the publick and 
fanding Mark of all Mens Admuration, the 
beautiful Pattern which all deſire to imitate, 
though few can hope to equal. In publick 
Afairs, what Stateſman more able? In 
1  domeſiical Management, what private Man 
1 more expert ; ; in the — ftating and 

| | exact 


DzD1icATION, 


exact keeping of Accounts, nobody more pro- 
vident, nobody more 1K. al: In Expences, 
nobody more liberal: 1 7 Largeſſes, ber 2 
magnificent. b 


80 great is your Asli fo Learning 
and the Learned, that while you make your- 
Jef Mafter of every Art, you give Matter 
and Encoura Form) fo every Artiſt. To the 
particular Science whi wh! ig the Subject of 
this Book, your Grace is ſo eminent, ſo be- 
neficent a Patron, that in the lately and 
beautiful ſtructure of Cannons, Aſtronomers 
will find every Thing for the Improvement 
of their Knowledge ; Inſtruments worthy of 
the Science, and. an PETER worthy of 
zts Lord. 


* 


T uE Book I now 3 7s a :T, ranſla- 
tion of thoſe Astronomical Lectures, which 
were honoured with your Grace's Name at 
their firſt Publication, in the Language 
they were read in at the Univerſity of Ox- 
ford. The Verſion was made at the Requeſt, 
and for the Service, of the Fair Sex, and 


 parlicularly for the Service of the great 


Ornament of her Sex, the Ducheſs of Chan- 
dos. It is no Flattery to the Ladies, to ſay, 
that ſuch of them as delight in Arts and Sci- 
ences, as to the Quickneſs of Perception, and 
Delicacy of 7. ale, are equal, if not ſuperior, 

A 3 "i 
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| 70 Men; and it is no Afﬀront to the moſt 
| refined of either Sex, to ſay, there is not a 
= | finer Genius than my Lady Dutc beſs. * 


| May every Star in Hawn fred 114 

| Eindeſt Influence on both your Heads, And 

HL may you long continue to enjoy that Aﬀuence, 

| 

| which, like the Rays of the Sun, ſcatters 
Light and Warmth to all Gran You. 


| Tur1s, my Lond, is a 3 Wiſh, 

| becauſe it is for the general good of Mankind, 
particularly of him who is, with the deepeſt 

Senſe of nad, gy Ce Sn 
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Ef: Nour Grace's 


22. 


| Moft faithful and 


x ol 


. bumble Servant, 
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E NKT TMM ON G all the Gifts and Benefits the 


N moſt bountiful G Opp has moſt plenti- 
M A fully beſtowed on Mankind, thoſe are 
Ye | in the firſt Place valuable which con- 


of fiſt in the Improvements of the Mind 
by Arts and Sciences, And as among the Sciences 
there are none which Aſtronomy comes behind upon 
the Account of its Antiquity, and the Pleaſure that 
attends the Study of it, ſo it will yield to none of 
them on the Account of its Uſefulneſs, and the Ad- 
vantages it affords to human Life. By it we diſcover 
the wonderful Harmony of Nature, wherewith the 
Frame and Structure of all created Beings are linked 
and knit together, to conſtitute the great Machine of 
the Univerſe. Aftronomy teaches us to obſerve and 
diſcover the Motions of the heavenly Bodies, and it 
weighs and conſiders the Vigour and Force by 
which they circulate in their Orbs. It is a Science, 
which the greateſt Heroes from the Beginning of 
the World, have taken . Pleaſure to ſtudy and im- 
prove; ſo that it was always eſteemed as a Science 
fit for Kings and Emperors to employ themſelves in, 
On which Account the Chaldean Wiſe- men and Phi- 
loſophers were always reverenced and favoured by the 
ancient Kings, who thought it abſurd that any ſhould 
govern the World, who knew not what the Warld 
Was. 
THE Excellency of this Science appears from this, 
that there is no Knowledge which is attained by the 
Light of Nature, that gives us truer and juſter No- 
tions of the Supreme and Almighty Go p, the Maker 
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FE none in which there ſtill remain fewer Difficulties 
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| of both Heaven and Earth, than it does. None fur- 


niſhes us with ſtronger Arguments by which his Ex- 
iſtence is demonſtrated ; nothing ſhews more his Power 
and Wiſdom than the Contemplation of the Stars and 
their Motions. That Prophet, as well as King, the 
Holy David, tells us, that The Heavens declare the 


Glory of God, and the Firmament ſheweth bis — 


Work. And again, The Heavens declare his Righteouſ- 
refs, and all the People have ſeen his Glory. 5 
Marcus Tullius Cicero, who was guided only by 
the Light of his own Reaſon, had the ſame Sen- 
timents, Nothing, ſays he, is more evident, nothing 
Plainer, when toe look up to the Heavens, and contemplate 
the Bodies there, than that there is a Deity of moſt excel- 
tent Wiſdom who governs them. What is there that 
more raviſhes the Mind of Man into an Admiration, 
Reverence and Love of Go p, than ſo many and {6 
great Bodies endowed with heavenly Light, moſt beau- 
tiful to the Eye, and when contemplated, moſt delight - 
ful to the Underſtanding? Their mutual Intercourſes, 
moſt regular Motions, their certain and determined 
Circulations, and their Returns and Periods ſettled by 
a divine Law, in an admirable Harmony, make mani- 
feſt to us the immenſe Power, Wiſdom, and Provi- 
dence of their Maker; which when we conſider, we 
muſt neceſſarily acknowledge, reverence and celebrate 
the Author and Contriyer of all theſe Things. 
BESIDES Afroneny, with its ſublime Specula- 
tions about ſo many and ſo large Bodies, and at ſuch 
immenſe Diſtances, does wonderfully pleaſe and re- 


_ create the Mind. 


_ ASTRONOM x, for the Certainty and Evidence 
of its Demonſtrations, is not inferior to Gesmetry; its 
Uſefulneſs is manifold, and the Amplitude of its Sub- 
Jef is ſo large, that it comprehends nothing leſs than 
the World itſelf. For as, among all the liberal 
Sciences, there are none that comtemplate Objects 
more in Number, preater in Quantity, or at longer 
Diſtances from us, than Afronomy ; ſo likewiſe there 


to 
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to be explained, Objections to be anſwered, or Scru- 

ples to be removed, than there are in —— and 

no Science has yet attained ſo great a 

fection as it has. | FE 
Id moſt of the other Arts there are ſeveral inextri- 

cable Labyrinths; many ſtrange Objections are raiſed, 


and unanſwerable Arguments, which do ſo confound 
the Mind, that like thick Clouds they ftop all further 


Proſpect and Diſcovery. But the Motions of the 


heavenly Bodies are now certainly known, and their 
Cauſes demonſtrated, and the Reaſon of all the Phæ 


nomeua of the Heavens are exactly underſtood. 


Tux ſmalleſt Stars . e can fee, though they be at 


an unmeaſurable Diſtance from us, yet have their 
Longitudes and Latitudes exactly determined, their 
roper Places ſettled, and are all reduced into Cata- 
5 though at the ſame Time the Science of 


Geography, or a Deſcription of our own Habitation, 


is ſo imperfect, that we have an exact Determina- 
tion of the Longitudes and Latitudes of but a very 
few Places, there ſtill remaining many Unknown 
Lands and Countries that have not as yet been dif- 
covered: And there are now great and far extended 
Continents, of which we ſcarcely know any Thing be- 
ſides their Coaſts and Shores. And what is ftill more 
ſtrange, in our little Provinces and Counties which 
we daily travel over, there are many Towns and Ci- 
ties whoſe Poſitions are ſtil] uncertain, as is plain from 
the many Geographical Maps of them, which contra- 
dict each other, _— | 


THE A/tronomers foretel for many Ages to come 


the Eclipſes of both Sun and Moon, their Quantities 
and Durations ; the Conjunctions, Oppoſitions and 
mutual Aſpects of the Planets, and what will-be the 
Diſtances of all the Stars from the Pole at any Time; 
whereas there is no Man fo well ſkilled in Meteoro- 


logy as can certainly foretel what will be the State 


and Condition of our Atmoſphere for the very next 
Day, and yet it reaches but a few Miles from us: 
We are unable to judge whether we ſhall have fair 
Weather or foul, calm or ſtormy, or even fo much 
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as to foreſee from what Point the Wind will blow. 


And this is no Wonder, ſince the Cauſes from whence 
thoſe Effects ariſe are unſearchable. | | 

No Phileſopher has ever yet diſcovered the Figures 
of the ſmall Parts of Matter, or the Texture, In- 
tervals, Form and Compoſition of the Parts of the 


moſt common Plant. Nor has any Phyſician yet 


found out the Reaſon of the Virtues and Operations 
by which their Medicines affect human Bodies. And 


even in all animated and vegetable Bodies, the Foun- 


tain and firſt Principle of Life and Action is un- 


ſearchable, and looks like a Myſtery much beyond 
the Reach of our Underſtanding, which Knowledge 


perhaps, in this Life, is never to be attained. But 
Aſtronomers in their proper Science meet with no 
ſuch Difficulties ; they contemplate not the Natures, 
but the Motions of the celeſtial Bodies, and they 
clearly account for the Phenomena or Appearances 
that ariſe from thence : They not only determine 
what Sort of Motion the Planets have, and in how, 
large a Compaſs they circulate, but they likewiſe 
ſhew us the crooked Tracts in the immenſe Regions 
of Space which the wandering Comets take : They 
can give us the Geometrical Properties of their Orbits, 
and the Laws which they obſerve in deſcribing them. 
The Aſtronomers are not ignorant where or when the 
Planets are at their fartheſt Diſtance from the Sun, 
and participate the leaft of his Heat and Light; from 
whence they return, and are conſtantly quickened in 
their Motions by the Sun, who draws them towards 
himſelf, till they come to thoſe Parts of Space where 
they make their neareſt Approach to him, enjoy moſt 
of his Heat and Light, and are aCtuated by the greateſt 
Force of their own Gravity. ns | 

MosrT of the Diſcoveries we have related were 


| known to the Aſironomers of former Ages. But our 


Times, and this our Country of Britain, have had 
the Happineſs to produce a Genius of a divine Nature 
and extraordinary Qualities; I mean the Great Sir 
TSAAC NEWTON, Who, beſides his innumer- 
able other wonderful Inventions, has diſcovered the 

By” - Fountain 


THE PREFACE. 
Fountain and Spring of all the celeſtial Motions, and 
the great Law, which is univerſally diffuſed through 
the whole Syſtem of Nature, which the Almighty and 
Wiſe Creator has commanded all Bodies to obſerve, 
viz. That every Particle of Matter attracts each 
other in a reciprocal duplicate Proportion of its Dif- 
tance. 3 1 

TEIVS Law is, as it were, the Cement of Nature, 
and the Principle of Union, by which all Things re- 
main in their proper State and Order; it detains not- 
only the Planets, but the Comets within their due 
Bounds, and hinders them from making Excurſions 
into the immenſe Regions of Space, which they would 
do if they were only actuated by a Motion once im- 
planted in them, which naturally they would always 
preſerve according to the principal Law of Motion. 

Wx are obliged to the ſame Gentleman for the 
Diſcovery of the Law that regulates all the heavenly 


| Motions, ſets Bounds to the Planets Orbs, determines 


their greateſt Excurſions from the Sun, and their 
neareſt Approaches to him, To this ſublime Genius 
we owe, that now we know the Cauſe why ſuch a 
conftant and regular Proportion is obſerved, by both 
primary and f Planets, in their Circulations 
round their central Bodies, in comparing their Diſ- 
tances with their Periods; and why all the celeſtial 
Motions are ſtill continued in ſuch a wonderful Re- 
gularity, Harmony and Order. The ſame incom- 
arable Perſon, having a complete Knowledge of the 
Lode of Nature and Motion, has 'from them fur- 
niſhed us'with a new Theory of the Moon, which 
accurately anſwers all her Inequalities, and accounts 
for them by the Laws of Gravity and Mechaniſm ; 
o that now the Moon's Place, computed by the 
Rules of this new Theory, does not ſenſibly differ 
at any Time from what it is obſerved to obtain in the 
Heavens, which does exceed the Hopes and Expecta- 
tions of our 4/?ronomers ; ſo that we have now a Pro- 
ſpect of improving our Navigation, by finding from 
bſervations of the Moon, the Longitude of a Ship 
at Sea: A Problem of great Uſe, whoſe Solution is 


- much 
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much to be deſired, and for which there are very am 
ple Rewards allowed. 5 | 

THERE is nothing that does more ſhew the Force 
and Penetration of human Underſtanding, than theſe 
great and wonderful Diſcoveries. There is no more 
certain Way of comprehending the prodigious Bulk 
of the whole mundane Fabrick, or the amazing 
Beauty of ſo divine a Structure, and the infinite 
Wiſdom of its divine Contriver, than by conſidering 
theſe Laws which are lately diſcovered. From them 
we learn to have a moſt noble and magnificent No- 
tion of the whole Syſtem of Nature. Now we are 
aſſured, that this Earth we inhabit is but a ſmall and 
inconſiderable Part of a glorious Fabrick, ſince there 
are almoſt infinite Worlds, created by a Supreme and 
an Almighty Being, which are prodigiouſly larger than 
ours, in the diſpoſing, and governing of which the 
ſame Being exerciſes his infinite Power and Wiſdom. 
It is he who ſpoke the Word, and the Heavens were made. 
He commanded, and they were created, He hath made 
them faſt for ever and ever. Ha hath given them a Law 
which ſhall not be broken. . 5 
_ ASTRONOMY, is not only uſeful, as it improves 
the Mind, and by its moſt delightful Speculations in- 
creaſes the Force and Penetration of the Underſtand- 
ing; but it is likewiſe a conſiderable . Help to the 
perfecting of other Arts and Sciences. In how great 
Darkneſs would the Geographers, the Chronolagiſis wan- 
der, were they not aſſiſted with Light from 4ftronomy 2 


Toit is owing, that we know the Figure and Mag- 


nitude of. the Earth, and find out the Situations and 
Diſtances of Places. We learn from it the true Mea- 
ſure of the Year, and can give an Aocount of Actions, 
according to the true Order of the Times in which 
they happened. Hence is evident how uſeful Aſiro- 
nomy is to human Affairs; for without it we could 
have no Geography nor Chronology, and conſequently 
no certain Account of Hiſtory. CESS >. 
Bor among all the Arts and Sciences, there is 
none that has received greater Improvements from 
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22 than Navigation has done; for by our 

nowledge in it we can carry our Ships through the 
valt Ocean in a right Courſe, though there is no 
Track to be ſeen, and viſit the utmoſt Regions of 
the Earth. Hence ariſe the Advantages of Trade and 
Commerce; ſo that whatever Things other Coun- 
tries afford, that are either precious or delightful, 
we receive and enjoy without the Inconveniences 
of intemperate Heats or Colds to which thoſe Coun- 
tries are liable, It is owing to our Skill in Naviga- 


tion that our Briti;h Monarchs have obtained the 


Sovereignty of the Seas; ſo that there is no Nation, 
at what Diſtance ſoever, but what are kept from do- 
ing Injuries to our Countrymen by the Terrors of a 
Britiſh Fleet. OY e | 
As the Art of Sailing does in a great Meaſure de- 
pend on the Knowledge of the Stars; fo the impe- 
tuous and ambitious Deſires of Kings and Princes 
to diſcover unknown and. foreign Countries, in- 
clined them to cultivate Afronomy. The firſt and 
chief of all the Sailors was Neptune, who, upon the 


Account of his Skill in this Art, was celebrated as 


God of the Ocean, His Son Belus, being an Afro- 
nomer, by his Knowledge therein, carried the Inhabi- 
tants of Libya into Aſia, where he inſtituted Colleges 
of Aſtronomers; for Diodorus, in the firſt Book of his 
Hiſtories, writes thus: 7t is reported, ſays he, that the 
Egyptian Belus, the Son of Neptune and Libya, brought 
a Colony to Babylon; and there he inſtituted Prieſts, whom 
the Babylonians call Chaldeans; who, after the Man- 
ner of the Egyptians, were to OO the Stars. Before 
his Time, there was Atlas King of Mauritania, a 
great Aſtronomer, who firſt ſhewed us the Doctrine of 
the Sphere. And therefore Virgil introduces Jopas 
linging what Atlas had taught Mankind, 


W ocuit quæ maximus. Atlas, 
* 5 * . * f LY . N — 1 . , a 
Hic canit errantem Lullaln, Soliſgue labores, 
0 N Pu * - E P ; ? L f 


80 Uranus, King of the Country ſituated on the 


nomy, 


Shore of the Atlantic Ocean, for his Skill in Afro- 
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nomy, is ſaid to have been deſcended from the Gods: 
Zoroafler, a Perfian Philoſopher, is celebrated by all 
Antiquity as a ſkilful A/ronomer. And the Honour 
and Dignity of this Science was had in ſo great a 
Reputation, as to be called the Royal Science, being 
that Kings were molt delighted by it above all others, 
For the Kings of Africk and Syria firſt invented and 
improved it, and that long before it was known in 
Greece. This Plato acknowledges in his Dialogue, 
which he calls Epinsmis. The ff, ſays he, who 
' obſerved theſe Things was a Barbarian, who lived in an 
ancient Country, where, upon the Account of the Clear- 
neſs of the Summer Seaſon, they could firſt diſcover 
them, ſuch as Egypt and Syria, where the Stars are 
clearly ſeen, there being neither Rains nor Clouds to 
hinder ther * And becauſe we are more re- 
mote from this Summer Clearneſs of Weather than the 
Barbarians, we came later to the Knowledge of theſe 
Stars. So Lucian tells us, That the Ethiopians fir/t 
took Notice of the heavenly Motions, and by finding the 

Cauſes of the Lunations they knew that the Moon had 
no proper Light of its own, but borrowed it from the 
Sun. However, it is certain that A/fronomy from the 
very Beginning was cultivated and improved by the 
Eaſtern Nations. For if we may believe Porphyry, 
when Alexander took Babylon, Calliſthenes, at the 
Deſire of Ariſtotle, carried from that City the Ob- 
ſervations of 1903 Years, which brings the Begin- 
ning of theſe Obſervations to 115 Years after the 
Flood, and 15 Years after the Building of Babel. 
Pliny, in his Natural Hiſtory, relates, that Epigenes 
_ affirmed, that the Babylonzans had Obſervations of 
720 Years all graven upon Bricks. And Achilles 
Tatius, in the Beginning of his Introduction to 
Aratius's Phenomena, informs us, « That the Eg yp- 
6 tians were the firſt who meaſured the Heavens 
« and the Earth; and their Science in this Mat- 
<< ter was engraven on Columns, and by that Means 
ce delivered to Poſterity, Yet the Chaldeans take 


“ the Honour of the Invention to themſelves, and 


& aſcribe it to Belus.“ The Greets had all their 
| Aſtronomical 
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Aftronomical Learning from Egypt: For Laertius 


owns; that Thales, Pythagoras, Eudoxus, and man 


others, went to that Country to be inſtructed in the 


Sidereal Science. Theſe Men were not only the firſt, 
but the greateſt Philoſophers that Greece produced; 
and from the ſame Author we know, that they who 
ſtaid longeſt in that Country were moſt famous for 


7 


their Skill in Geometry and Aftronomy after they re- 


turned home: So Pythagoras, who lived in ſociety 


with the Egyptian Prieſts ſeven Years, and was 
initiated into their Religion, carried home from 
thence, beſides ſeveral Geometrical Inventions, the 
true Syſtem of the Univerſe; and was the firſt- that 


taught in Greece, that the Earth and Planets turned 


round the Sun, which was immoveable in the Cen- 
ter; and that the diurnal Motion of the Sun and 
fixed Stars was not real, but apparent, ariſing from 


the Motion of the Earth round its Axis. At that 


Time nobody was eſteemed as a Philoſopher, but 
who was well acquainted with the Mathematical 
Sciences. 


Bur theſe Sciences were ſoon neglected by the 
Philoſophers that came after them, who much dege- 
nerating from their Predeceſſors, bad ſo little Care and 
Concern for the Mathematical Sciences, eſpecially 
NO that of all the Obſervations of Eclipſes, for 
the Space of near 2000 Years, that were ſent from 
Babylon by Callifthenes, Ptolemy could recover but a 
very few, the reſt being loſt by the Careleſſneſs, Neg- 
ligence, and want-of Skill of thoſe Men who ſhould 
have preſerved them. For theſe Pretenders to Philo- 
ſophy, having no Concern for the uſeful Parts of it, 
ſpent their Time about Trifles and Diſputes of no 
Value, and in endeavouring to find out Sophiſms, 


whereby they would impoſe upon their own, and the 


common Senſe of all Mankind: Such were Zeno's - 


Arguments againſt Motion, and moſt of the Philoſo- 


phers Diſputations againſt the Diviſibility of Matter 


in infinitum ; whereas a little Knowledge of Geometry 

would eaſily have diſſolved all the Difficulties they 

could raiſe, But though 4/ronomy was thus baniſhed 
N 2 | 


out 
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out of the Schools of the common Philoſophers, yet 


it was received and cultivated by ſome, though but a 
few, eſpecially by the Pythagorean Seft, which flou- 
iſhed in Italy many Years, among whom was Philo- 


laus and Ari/tarchus Samius. The Ptolemies, Kings of 
Egypt, were alſo. great Patrans of Learning; they 
founded an Academy for Aſtranomy at Alexandria, 
which furniſh us with great Men, the chief of whom 
was Hipparchus, who, according to. Pliny, undertook 


.a Bujineſs which would have been @ great Work for a Gon 


10 perform, that 1s, to number the Stars, and leave the 
Heavens for an Heritage to all that come after. This 
Man foretold the Eclipſes of both Sun and Moon for 
600 Years; and upon his Obſervations is founded that 


precious Work of Ptolemy, which he called his w:yzan 


ovlati;, or his great Conſtruction; for from them he 
1 the Proceſſion of the Equinoxes, and the 
heory of the Planets. | | . 
WHEN Egypt was conquered by the Saracens, and 
Alexandria reduced under their Juriſdiction, the Con- 
querors took Aſtronomy, with the reſt of the Liberal 
Arts, under their Protection, and took Care that moſt 
Part of the Books concerning the Liberal Arts and 
Sciences ſhould be tranſlated from the Greet into their 
own Arabian Language. ; 3 
THE Saracens paſſing from Africł into Spain, and 
having a Commerce with the Weſtern European Na- 
tions, imparted to them the Science of A4/tronomy, 
which before was almoſt loſt in Europe; ſo that about 
the Year 1230, at the Command of the. Emperor 
Frederick, Piolemy's Almageſt, or his great Syntaxis, 
was tranſlated from the Arabict into Latin. | 
AFTER that Time, A/tronomy received many 
Improvements from the Patronage of the greateſt 
Princes, and the Labours of the moſt celebrated 


Philoſophers ; among whom, in the firſt Place, 


is to be named Alphonſus King of Caſtile, who is 

never to be forgotten on the Account of the 
Aftronomical Tables called after his Name. MNico- 
laus Copernicus was not only a diligent Obſerver, 


but alſo a Reſtorer of the ancient Pythagorean, . 


Syſtem, 
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Syſtem Prince William, Landgrave of Heſſe, who pro- 


cured Quadrants and Sextants much larger than what 
were formerly. uſed, to obſerve the true Places of the 
Stars : This Prince's Obſeryations are. publiſhed by 
Snellius, Sir Henry Savill was moſt ſkilful both in 
Aſtronomy and Geometry, who is ever to be honoured 
or his Munificence in founding our two Profeſſions 
of Aſtronomy and Geometry in the Univerſity of Oxford, 
and endowing them with ample Salaries; upon which 
Account, and many other Benefits he beſtowed on 
ae learned World, he will always be had in Re- 
nembrance with the greateſt Reſpect. That noble 
Dane, Bebe Brahe, who. for his Skill in obſerving 
was ſuperior, to all that went before him; and who, 
for the Furniture of his | Obſervatory, exceeded even 
Princes and Kings: He: publiſhed a Catalogue of 
170. fixed Stars, which he had diligently obſerved. 
705 Kepler, à moſt excellent Aftronomer, by the 


elp of Tyc s Labours, found out the true yſtem 


of the World, and the Laws the Celeſtial Bodies ob- 
ſerve in their Motions, with which he vaſtly improved 


Aſtronomy : His excellent Works are well known to 


the learned World, and will ever ſhew how much he 
is to be praiſed. Galileus, the Lyncian Philoſopher, 


who firſt applied a Teleſcope to the Heavens, and by 


its Means diſcovered a great many new ſurpriſing 


Phenomena, as the Moons or Satellites of Jupiter, and 
their Motions; the various Phaſes of Saturn, the In- 


creaſe and Decreaſe of the Light of Venus, the moun- 
tainous and uneven Surface of the Moon, the Spots of 


the Sun, and the Revolution of the Sun about his 
own Axis; all which were firſt obſerved by this great 
Philoſopher. tf vente +, 
I $HOULD much exceed the Bounds of a Preface, 
if I ſhould name the reſt of the great Improvers of our 


* it 


Art, with the Praiſes that are due to them; par- 
ticularly Hevelius, who has given us a Catalogue of 


the fixed Stars much larger than Tycho's, compoſed 


from his own curious Obſervations. The moſt il- 
luſtrious Gentlemen, Meſſieurs Hugens and Caffmi, 
3 


who 
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who firſt ſaw the Satellites of Saturn, and diſcovered 
his Ring: Gaſſendus, Horrox, Bullialdus, Ward, Ric- 
ciolus, and many other Aftronomers of great Renown. 
[ | But we have one here, who, on Account of his great 
s | Merits in Aſtronomy, does excel them all, that is, the 
| moſt eminent and learned Dr. Edmund Halley, Sauilli 
Profeſſor of Geometry, in this Univerſity, my mofl 
friendly Colleague, to whoſe Labours ¶Mirenomy owes 
many, and thoſe not ſmall Improvements: In him 
there ſhines out together (which I know not if the) 
are to be found in any other Perſon to ſuch a Degree 
the greateſt Dexterity in Practical A/fronomy, and 
molt profound and exquifite Skill in Geometry, which 
will appear by his A/?ronomical Tables when publiſh- 
ed; for they will far excel all others that ever were, 
or perhaps ever will be publiſhed. 55 
I coup name many others of our own Country- 
men, who have done much Service towards the Im- 
provement of 4/trotomy ; but we muſt not paſs over in 
Silence the Labours of the celebrated Rayal Profeſſbr, 
the late Mr. John — who, with itidefativable 
Pains for more than forty Years, watched the Mo- 
tions of the Stars, and has given us innumerable Ob- 
ſervations of the Sun, Moon, and Planets, which he 
made with very large Inſtruments, exactly divided by 
moſt exquiſite Art, and fitted with teleſcopical Sights. 
Whence we are to rely more on the Obſervations he 
hath made, than on thoſe that went before him, who 
made their Obſervations with the naked Eye, with- 
out the Aſſiſtance of Teleſcopes. The ſaid Mr. Flam- 
fleed has likewiſe compoſed the Britiſb Catalogue of 
the fixed Stars, containing about 3000 Stars, which 
is twice the Number that are in the Catalogue of He- ' 
velius; to each of which he has annexed its Longi- 
tude, Latitude, Right Aſcenſion, and Diſtance from 
the Pole; together with the Variation of Right Aſ- 
1 cenſion and Declination, while the Longitude in- 
Wl | creaſes a Degree, This Catalogue, together with 
| 
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moſt of his Obſervations, is printed on à fine Paper 
3 ; and Character, at the Expence of the late Prince 
Ei | | | George 
3 * | 
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: George of Denmark; but Mr. Flamſteed, before he died, 
had near finiſhed another Edition of them at his own 


Folio, 1725. „ 3; 
Anu oN ſo many Helps and Advantages towards 
the Underſtanding of A4/tronomy, there was ſtill wanting 


nomena, explained according to their true Motions and 
phyſical Cauſes, But this Work has been lately per- 
formed, finiſhed, and publiſhed by the late Dr. rl 
gory, the great Honour of our Profeſſion, and my Pre- 
ceptor, whom I ought always to remember with Gra- 
titude, for it is owing to him if I have made any 
Advances in this Study. | 

In the mean Time, it is to be acknowledged, that 
this Work does not ſeem to be ſuited to the Capacity 
of young Beginners; for it contains many Things 
which require an Infight into deep Geometry, ſo as to 
be clearly underſtood; which Skill is ſeldom to be 
met with in young Men, who are for all that capable 


celeſtial Motions and their phyſical Cauſes are always 
_ Jointly explained; which two Things, when they are 
to be learned by Beginners, diſtract them too much, 
and make the Doctrine difficult. Therefore I thought 
it more advantageous to the Learner, firſt to explain 
the Motions, and give an Account of the Phenomena 
that ariſe from theſe Motions, which, when once un- 
derſtood, there will be an eaſy Admiſſion into the 
Knowledge of phyſical Cauſes. a 

. For which Purpoſe I compoſed the following Lec- 
tures, which I read in the Mironemical School at Ox- 
ford, as my Duty obliged me. In them I have taken 
ſome Pains, that all-the celeſtial Motions may be clearly 


ariſe from thoſe Motions, be given. But particularly 
of thoſe which are to be underſtood by the Help of a 
Fw Propoſitions of the Elements of Geometry, And 
therefore I would adviſe our young Beginners, who 
defire to learn A/tronomy, that they would place Euclid's 
. — Elements 


Expence, which were publiſhed in three Volumes in 


an univerſal and complete Theory of the celeſtial Phæ 


of learning the Elements of Afronomy. Beſides, the 


explained, and the Reaſons of the Phænomena, which 
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Elements before them when they read theſe Lectures, and 
conſult them when they find any Propoſitions quoted 


by us. Thoſe we chiefly uſe are but few in Number; 


ſuch are the 4th, 5th, 8th, 13th, 15th, 27th, 20th, 
32d, and 47th of the firſt Element. The 16th, 
18th, 20th, 31ſt, 35th, 36th, 37th, of the third 
Element: Alſo the 4th, 5th and 6th of the ſixth 
Element; beſides the Doctrine of Proportion con- 
tained in the 5th Book. It were likewiſe to be wiſh- 


ed, that the young Students of Mironomy were ſkilled 


in plane and ſpherical Trigonometry. But if there be 
any, as I believe there are ſome, who deſire to learn 
Aſfironomy, and yet are ignorant of Trigonometry, I re- 
quire of them that they grant and allow us this poſtu- 
late; becauſe in every Triangle, eitlier ſpherical or 
plane, there are three Angles and three Sides; of 
theſe ſix, having any three, one of which in à plane 
Triangle muſt be a Side, all the reſt may be found. 
It is Trigonometry that teaches us how to perform this, 
whoſe Uſe is apparent in all the Parts of Aſtronomy. 
THERE are alſo ſome Things in our A/tronomy, 
which require a Knowledge of deep Geometry, as when 
we ſpeak of the Elliptick Theories of the Planets diſ- 


covered by Kepler. But I would not have the Begin- 


a. 


ners or young Students trouble themſelves with theſe 


Particulars, ſo they may paſs them over. 

I DESIRE alſo of them that are unacquainted with 
Aſtronomy, that after they have read the XI. and XII. 
Lectures concerning the general Cauſes of Eclipſes, 
they would leave the reſt of that Doctrine till they are 
inſtructed in the ſpherical Inſtitutions, as they are ex- 
plained by us in the XX. and XXI. Lectures; and 
then they may return to the remaining Parts of the 
Doctrine of Eclipſes, contained in the XIII. and XIV. 
Lectures. | „„ 
ITE who underſtand what is here delivered, 
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ASTRONOMICAL. 


LECTURES. 


LECTURE I, 
Of Viſible and Apparent Motion. 


N NMNN N TRONOMM being a Science in Lecture 
of be, which are explained the Motions of Bo- I. M 

A dies that are at an immenſe Diſtance 
A from us, and the Appearances which ariſe | 
KXX x from theſe Motions : They who would 


Jearn this Science, mult firſt be informed of the Man- 


ner how the Motions of diſtant Bodies become viſible, 
and the Objects of our Senſes. 

AND firſt it is plain, that fince the Eye looks tas Bo- 
upon ſuch Bodies to be at Reſt, which keep the dies ſeem t 


ſame viſible Diſtance, the ſame Poſition and Situa- be at Reft, 
tion, not wy in reſpect of other Bodies which we 
e 


conceive to be at Reſt, but alſo in reſpe& of the 
Eye that beholds them ; thoſe Bodies can only be 
perceived to move, which change their Diſtances and 
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Lecture Poſitions, in reſpe& to other Bodies, or to the Eye of 
IJ. the Spectator. VVV 

— Bor that we may explain this Matter by its 
What in proper Principles, and draw it from its Origin, that 
Motion. ig, from an Explanation of the Manner of Viſion: It 
- muſt be known, that the Writers of Optics demon- 

ſtrate that every Body which is ſeen, has its Image 

ainted in the Bottom of the Eye, upon that Coat 

which is called Reticular, or the Retina, whoſe Sur- 

face is Spherical cuncave. This Image is made by 

the Rays of Light which flow from the viſible Object 

to the Eye, and are therein received and refracted. 

Of the The Image of each Point is in that Place, where the 
Senſe of «innumerable Rays which come from that Point, and 
Seeing. paſſing through the Humours of the Eye, do by Refrac- 

tion meet on the Retina. | 

LET AB, a Portion of the Periphery of a Circle, 
repreſent the outward Surface of the Eye; D G the 
Bottom or reticular Coat, which is formed by the 
Extremities of the Optick Nerves, and let C be the 
Center of the Eye; the Image of the Point F will be 
in the Line FC H, and therefore at H: So alſo the 
Image of the Point E will be in the Line E CL, at 
the Point L; for the Rays of Light will, by the pel- 
lucid and clear Coats and Humours of the Eye, be 
ſo refracted, that all thoſe Rays which come from F, 
and enter the Eye, will change their Direction, and 
turn toward H, where they will meet; and likewiſe 
all thoſe which come from E, being refracted in the 

Eye, will converge and meet again at L, where they 
will form the Image of the Point E; for by ſtriking 
on the nervous Fibres in theſe Points, they will excite 


Plate | 
Fig. 1. 


the Senſe of Viſion. 15 | Es 
2 THERE is a fine Experiment which confirms 
1 and demonſtrates this Doctrine. For if the Eye of 


an Ox, or any other Creature, juſt after its Death, be 
taken out of its Head, and the opake and black Coat 
called the Choroides, which covers the back Part of 
the Eye, be ſeparated, ſo that the thin and pellucid 
reticular Coat may appear; if this Eye be turned 
. N Er towards 
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1 


the Object, d place a white aper at a due 8 
behind the, Glaſs, we ſhall obſerve upon the Pa 
exact Ima g5, of the Objedt, distinct) repreſentec "with 


ol ours. 


its live cy Oo 
Ir therefore the Image H of. the Poitit F remaih How Mo- 
unmoved on the fame Point of the Retina, the 5 5 tion is per- 


likewiſe unmoved, the Object F will be at Re 
Bas f. the Point F be carried to E, its Image will 
thereby ſucceſhvely paſs through different Parts of the 
Feng Qs, and deſcri 15 85 the Space HL, will excite the 
enſatio of Motion.” | If the Point F be at a reat 
PI, us, and the Motion be made in a Plane, 


the Magnitude of the Len Motion, by 
nitude — the Angle FCE. 

IF in the Line C F there be another Ob ject 
which is likewiſe at a great Diſtance from Wk 
this Object be carried from M to N, its Motion will 
appear to be the ſame with that of the Object F; for 


e Mag- 


towards a Wigdow, or any Obj eQ that is ſtrongly Lecture 
illuminated, wh ſhall ſee with Pleaſure one or 10 N 
ion, affine Picture on the Retina, exactly repreſent= 
J g th - 425 in its re We ſhall have 
fame Appearance, if inſtead of the Eye we take 
any e of a n and turn it towards 


cerved by 


our r 


paſſing through the Eye, the Spectator will de. of 


the Way of both will appear the ſame, the two Images | 
having the Tame Path, and | paſſing through the ſame | 


Space in the Bottom of the If the viſible Point 

M be carried in the Line C 17 1 M to F, ſuch 4 
Motion. cannot be perceived b the Spectator, the 
Image of M remaining e all the while on the 
Retina: And whatever Bodies are moved in Lines 
that paſs through the Center of the Eye, the Motions 
of ſuch Bodies are not to be obſerved by our Sight, 
nor can we any other Way diſcetn ſuch Motions, 
but hy the Increaſe or Diminution of the Splendor 
and viſible Magnitude of the Objects. I ſpeak here 
of diſtant Objedds : For thoſe mit are near us, though 
they move in Lines paſling thro' the Eye, yet we may 


Situation 


1 


diſcern their Motions . che Change « of Poſition and 
2 


| 
| 
| 
| 
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# 1. whole Poſitions and. Diſtances are Known,” "Now 
i Lym Whatever be the Path of the moveable Point F in the 
þ | Plane FCE, whether it be in the right Line FE, or 
* in the circular Arch FP E, or in any other curve Lin 
i F QE; when, it comes to the Line CE, its appa- 
1 rent Motion will always be ſeen to be the ſame, while 
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Angle FCE is incfeaſed or diminiſhed, the viſible 
. Motion will be in- like Manner increafed or dimi- 
4 | 77 5 which therefore can be only meaſured by that 
i The Mea- Tu AT therefore the apparent Motions of Bodies | 
„ ſures of may be determined, we muſt here ſhew the Method 
* Angler. by which Geometers and Aftronomers find out the Mea- 
k ' ſures of Angles; which, tho' it is commonly known 1 
5 even to the meaneſt Artiſts, yet, that we may omit A 
R nothing which will make what is to follow eaſily con- 
4 _ ceived by Beginners, we will here explain it in a few 


Words. | . 1 
Eciin has demonſtrated, that the Angles at the 

Center of any Circle are proportional to the Arches 
on which they ſtand, and therefore the Meaſutes of 

Angles will be beſt known from thoſe, Peripherſes or 

Arches which ſubtend them: On which Account the 

4 Degree Aſtronomers divide the whole Periphery of a Circle into 
what. 360 Parts, which are called Degrees; and they divide 
Scruples or each Degree into 60, other Parts, which arè named 
Mines. Scruples, or Firſt Minutes; each of thoſe Minutes 
are again divided into 60 ſecond Scruples or Minutes; 

and each Second is alſo ſuppoſed to be divided into 

Thirds, each Third into Fourths; and ſo on. 

Bex this Means they reckon no more Degrees or 

Parts in the greateſt Circle than in the leaſt that is; 

and therefore if the ſame Angle at the Center be ſub- 

| tended by two concentrical Arches, they count as 

many Degrees or Parts in the one as they do in the 

| other; for theſe two Arches have. the. ſame Pro- 
Plate I, portion to their whole Peripheries. For Example: 
Fig. 2 Let AC B be an Angle, and from the Center C let 


| 
{ 
. 
4 
1 


* 


there 
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there be deſcribed two Arches A B, DE, ſubtend- Lecture 
ing the Angle: There are as many Degrees and Mi- 


nutes contained in the Arch A B, as there are in the 


Arch D E, although the Radius ar Semidiameter of © 
the Arch A B were only a Foot long, and the Radius 


of the other reached the fixed Stars. It is true, in- 
- deed, that a Degree in the Arch AB is ſo much leſs 
than a Degree of the Arch D E, as its Radius CB is 
| leſs than CE or CD: The Angle C is ſaid to be of 
ſo many Degrees or Minutes as the Arch which ſub- 
| tends i it contains of ſuch Parts. 
Tu Inſtrument. by which Angles are obſerved, 

is a known Portion of the Periphery of a: Circle, as a 


* 
* 
3 


The Me- 
thed of 
— 


4 


Quadrant, Sextant, or Octant, that is, the fourth Abe. ok 


— ſixth Part, or eighth Part of the whole Peri- 
pb If it be a Quadrant, the Inftrument-Makers 
divit 4 it into 90 Degrees, o being the 4th of 360: 
If a Sextant, it is divided into 60, Which is ot. 2th 
of 360: If an Octant, it contains 45 Degrees or the 
3th of 360. They divide again each Degtee into Mi- 
nutes, and each Minute inte Seconds, if the Inſtru- 
ment be large enough to ſhew ſuch Parts. The In- 
ſtrument- Makers fix to the Side of the Inſtrument Pins 
or 3 ay A which they collineate to the Object, 

likewiſe a Rule moveable about the 
| — upon the Plain of the Inſtrument, which Rule 
is likewiſe furniſhed with Sights, with wing, they 
obſerve: Angles in this Manner. 


LET A and B be two Objects at a great Dit. Plate I, 
tance from us: And ſuppoſe the Obſerver at C, Fig. 3+ 


who is to meaſure the Angle AC B: Let the Inſtru- 
ment be turned, till the Object A can be ſeen through 
the Sights of tha Side CD; and let the Plane of the 
Inſtrument be ſo moved — the Side C D, and the 
Rule round the Center, that the Object B may be 


ſeen through the Sights of the Rule: It is manifeſt 


from what has been ſaid, that the Arch DE will give 
the Meaſure of the Angle ACE, and that the Arch 


AB will contain as many Degrees and Parts, as the 


Arch DE, aw the Rule' cuts was . the Inſtru- 


ment. | 
| W 3 f Monx- 
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| Lecture Menn OVER, Aftronemers have other; Band or 

I. Marks from which they reckon the Arcual Diſtances 

ef Stars, and meaſure them with a like Inſtrument. 

The Hori- Theſe are chiefly" the Horiaon, which is formed by a 

on. Plane touching the Surface of the Earth where the 

Spectator ſtands, and is/infinitely extended towards 

the Heavens; which it divides into two Hemiſpheres, 

or Parts ſenſibly equal, and ſeparates the: viſible Hea- 

vens from the Inviſible. And if we ſuppoſe a Circle 

perpendicular to this Horizon paſſing through any 

be Ali. Star, the Arch of it comprehended between the Star 

pas 27 and the Horizon is called the Altitude or Height of 

that Star. There is another Mark which is called 

The Po Y the Pole of the Horizon, and is that Point which is 

zen. directly over-head, through which a Line perpendi- 

Xe cular to the Hare will paſs; And it is in this 

Line all heavy Bodies endeavour to deſcend, and ac- 

cording to which we ſtand upright. By this Method 

the Satlors at Sea find out the — 4 of the Sun by 

the Angle which is formed in the by Lines come. 

ing from the Sun, and from the Horizon. So like- 

wite the Mironomers by Rules and Quadrants made 

on Purpoſe for that Uſe, obſerve: the Angle which 

the Rays or Lines that come from the Sun or Stars, 

make with the Eine that 71 18 perpenglieuſay to the 

Horizon. * | 
INSTEAD of plaine Sights- we now ,commonly 

make Uſe of Teleſcopes; for by their Means diſtant 
Objects are more certainly and exactly obſerved, 

than they can be by our ſimple View. The Man- 

ner of fitting Teleſcopes to Inſtruments, the Method 

of dividing the Arch, and the Contrivances for 

managing and moving the Inſtrument for Practice, 

we leave to the Mathematical rann to 

deſcribe, | 

Plate I. By the Meaſure of Angles ws; Uilewiſe, and the 
Fig. 4. apparent Diameters of diſtant Bodies: Let AB be 

The afpar . Line which is ſeen by the Eye at C directly op- 
rent Dia- y OP 

meters of poſite to it, and ſuppoſe drawn from its Extremities. 

Bodies, A, B, right Lines AC, BC to the Eye; that Line; 
A is ſaid to appear under the Angle A CB, which 


l5 


3 i 
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Angle AC B be equal to the Angle DE F, but the pj 


LECTURES. 7 
is called its Apparent Magnitude, and is ſaid to be ſo Lecture 
many Degrees and Minutes as that Angle obſerved by 


an Inſtrument contains. After the ſame Way the 
oo DE, ſeen by the Eye F, is ſaid to appear Fig. 5. 
N | 


er the Angle DFE, and the Apparent Magni- 
tudes of the Lines AB, DE, are to one another, as 
the reſpective Angles ACB, DFE. 

Bur if the Eye come near to the Object AB, fo The appa- 
as to view it but from half the Diſtance, that is, et Dia- 
from G; the Object will be from thence ſeen under — FO 
twice the Angle it appeared under before: If the Eye mona, 
come three Times nearer, its apparent Magnitude will them,grow 
be near three Times greater, provided the Angles be bigger. 
but ſmall, and exceed not a Degree or two: And the*'s: 4 


apparent Diameters of ſuch Objects do nearly increaſe, 
as the Diſtances from which they are viewed are dimi- 


By this Method, if we know the apparent Dia- 
meters of two Bodies, and the Proportion of their 


Diſtances from us, we can know from thence the 


Proportion their true Diameters bear to one another: 


For if their Diſtances be equal, their true Diameters 


will be as their apparent: And if their apparent Dia- 
meters are equal, their true Diameters will be pro- 
portional to their Diſtances. For Example: If the piate 1 


Diſtance CB triple of the Diſtance EF, the Line 1 MY 


AB will be triple of the Line DE: But if the Diſ- 


tance CB be not only triple of the Diſtance e F bat-- 1.1, 2 
alſo the Angle ACB be double of the Angle d fe, 


the Object AB will be ſextuple of the Object 4e. 


For if we ſuppoſe C M equal to 4f, and an Object 
MN to appear under the Angle MCN or ACB; 


| becauſe the Angle MCN is double of the Angle 


d fe, MN will: be double of. de; but becauſe: CB 
is triple of C Mor df, AB will be triple of MN, 
and conſequently it will be ſix Times bigger than de. 
Hence, if the apparent Diameters of the Sun and 
Moon be equal, let the Sun be 100 Times further 
from us than the Moon, the Sun muſt needs be 100 


Times in Diameter bigger. than the Moon: We ſhall 


B 4 ga after- 


— —˙¹ _— 
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Times leſs than ours, Hence we can perceive with 


ASTRONOMICAL 


Leue ifecrwards demonſtrate, that the Sun's Diſtance from 


us is above 100 Times greater than that of the Moon. 


LiIx we know the apparent. Diameter of any Body 
| wee can from thence exactly know, by the Help of T; 2 | 
gonometrical Tables, what Proportion the Diſtance of 


that Body bears to its true Diameter. For ſuppoſe 
the object DE to be ſeen by the Eye at F under the 
Angle DFE, For Example of one Degree; then 
the Diſtance F E will be to D E the Diameter of the 
Object, as the Radius of a Circle is to the Tangent 
of the Angle DFE; that is, ſuppoling DFE one 
Degree, as 10000 1s to 174,5. The Sun appearing 
under an Angle of about half a Degree, or 30 Mi- 
nutes, its Diſtance will be to its own Diameter as 
T0000 to 87: Hence, we are certain that the Sun's 


Diſtance from us is nearly equal to 115 of its own 


Diameters. And if an Eye were placed in the Sun, 
to obſerve the Angle under which the Diameter of the 
Earth appeared from thence, we then ſhould be able 
to tell exactly the Diſtance of the Sun from us, in 


Diameters of the Earth, or in Miles. | 
S1NCE, as we have ſaid, the apparent Diameters 
of Bodies grow bigger, the nearer we come to them, 


and that they are increaſed almoſt in the ſame Pro- 
portion that the Eye approaches them; (for Ex- 
ample :; If any Man were ten Times nearer to the 
Moon than we are, and did there obſerve it, he 


would ſee the Moon ten Times bigger in its Diame- 
Wie 4d. 


ter and clearer than we do; in Diameter I ſay, for 


the Surface would appear 100. Times larger than it 
does to us;) If here on Earth we ſhould take a Tele- 
ſcope which only increaſes the Diameter ten Times, 
and look to the Moon with it, the Moon will have 
the ſame Appearance ſeen with ſuch a Teleſcope, 
as would appear to a Spectator ten Times nearer it 


than we are, But if we ſhould uſe Teleſcopes (and 
ſuch there are) which magnify the Diameters of 
Objects 100 or 200 Times, they will ſhew the 


Moon in the ſame Manner, Figure and Bigneſs, 


as it would appear in, at a Diſtance 100 or 200 


ghrf 


our Eyes with what Face, and how large the Moon Lecture 
would ſhew itſelf, at the Diſtance of three Dia- * 
meters of the Earth: As likewiſe we can diſcern , , 

how it would appear, if, we approached .it much 
nearer, and view it only at the Diſtance of 1000 
Miles; for from thence we ſhould be able to diſ- 
cover in it vaſt Ridges of Mountains, deep Caverns, | 
many Vales, and large open Fields, By the Means | | 
of Teleſcopes we {till aſcend higher in the Hea- = 
vens,.and we can approach the Planets, Comets and | 
fixed Stars ſo near, that of ſuch immenſe Diftances | 
there remains only the hudredth, or two hundredth | 
Part to have the whole Journey finiſhed ; and 
from thence we can behold the Converſions of | 
the Planets about tneir proper Axes; the Moons of | 
Jupiter and Saturn, their Eclipſes ; the Belts of Fu- 
piter, the wonderful Ring of Saturn, and all the va- 
rious Appearances and Shapes it takes. We could 
not paſs over, without taking Notice in this Place, | 
theſe Advantage of the "Teleſcope, ſince it is the | ö | 
chief Inſtrument by which we obſerve the Mag- 
nitudes of the Heavenly Bodies, and their apparent 
Motions. h 5 | 
SINCE the Motions of diſtant Bodies are no How the 
other ways to be known, but by the Change of the Motions of 
Angle which is at the Eye that obſerves them; it will r diffaxe 
eaſily appear from thence, that though Bodies moye 2 
_ equally and regularly, deſcribing equal Spaces in equal ;, n. 
Times, their js notwithſtanding may ſeem to ſelves 
be very unequal and irregular, This will be beſt equal, may 
underſtood by an Example. 3 appear une 

SUPPOSE a Body to be revolved in the Peri- — 
phery of a Circle ABDEFGYQ, and to move Fig. 6, 
thro equal Arches AB, BD, DE, EF, in equal 
Times; and let the Eye be in the Plane of the ſame _ 
Circle, but at a Diſtance from it, viewing the Mo- 
tion of the Body from O: When the Body goes 
from A to B, its apparent Motion is meaſured by 
the Angle AOB, or the Arch HL, which it will 
ſeem to deſcribe; but in an equal Time, while it 


moves through the Arch B D, its apparent Motion is 


deter- 


10 ASTRONOMEFCAL 
Lecture determined by the Angle B OD, or the Arch LM, 
which is much leſs than the former Arch HL; an 

wy) the Body, when it arrives at D, will be ſeen at the 
Point M of the Periphery N ELM : But it takes the 
ſame Time to deſcribe DE which is equal to AB, 
or BD; and when it arrives at E, it is ſtill ſeen at 
the Point M; fo that all the Time it is moving thro”. 
the Arch DE, it appears almoſt immoveable, and, as 
it were, to ſtand ſtill. While the Body is continu- 
ally going forward in its proper. Orbit, and defcrib- 
; ing the Arch E F, when it comes to F, the Eye in 
O will fee it in L, and it will appear to have gone 
backward in the Arch ML. So alſo, while it moves 
from F to G, at its Arrival at G, it will be ſeen at 
H in the very fame. Place it appeared in when it was 
in A. Solikewiſe, while it paſſes from G through I 
to Q, the Spectator's Eye at O will obſerve it, as if 
it had deſcribed the Arch HK N. And though it is 
ſtill going on in its Orbit, while it runs through the 
Arch Q, the SpeQator will obſerve it all that Time 
near the Point N, in a Stationary State, After its 
| paſſing by P, and going to A, it will appear to change 
again its Courſe, and deſcribe the Arch NK H with 
1 . unequal Motions. 8 
Optical In. I HIS Inequality of Motion is called by A/rone- 
equality. © mers the Optical Inequality : Becauſe it is not real] 
| in the Bodies moved, but only apparent to the Eye 
which perceives it, ariſing from the Poſition of the 
Spectator : For the Body all the Time moves uni- 
formly forward, and if the Eye were in the Center, 
it would ſee the Motion always perfectly regularly 
n performed. ; 5 1 | 3 5 
plate I. LF the Eye were placed in any Point, as O, with- 
Fig. 7. in the Orbit of the Body, but not in the Center, and 
If the Eye there the Spectator remained immoveable, he would 
* ee ſtill obſerve the Motions to be unequal, although the 
Circle, the Body moved never ſo regularly; and when at the 
Motion that greateſt Diſtance from him, as at A, it would appear 
is equal, to be ſloweſt; when it comes neareſt, it would ſeem to 
mayappear move quickeſt, ' This is plain; for the Arches AB 
unequal, 7, 9 C being equal, they will be deſcribed in equal 
Rs he Times. 


- 
- 


Darn a 


Times. But the Angle DO C being greater chan Lecture | 


A OB, the Motion in D will appear ſwifter than that 1 

at A. But in this Caſe the Body will never ap 
pear to ſtand, or to go backward, but always forward: y can ne- 
And therefore, when a Spectator placed within the wer be /cex 


Orbit of another Body, and viewing its Motion, *9 ge backe 


rceives..it ſometimes to go forward, then to ſtand Ward, or 


ill, and afterwards go backward, we may from 7, 
thence conclude, that the Place of the Spectator 5 s Cour ſee 
likewiſe moyed, | | | 


LE CTU or con 


Of the Apparent Motion which ariſes from 
Ibe Motion of the Speftator or Obſerver. 


*#ITHER TO ve have ſuppoſed the _ 
 —Þzy! Spectator to have remained immoveable 
Y all-the Time of the Obſervation: But 
W if the Place of the Obſerver, be likewiſe 
M moveable, then there will be very diffe- 
rent Appearances, and the Eye will perceive thoſe 
Bodies to be at Reſt which may have really a very 
quick Motion, and other Bodies may ſeem to be in 
3 which remain really at Reſt: And not only 
theſe Appearances may be ſeen, but the Motion of 
Bodies may appear to be directly contrary to what 
they truly are; and Bodies which are really going 
Eattward, may appear to move towards the VH. All 
which will be moſt eaſily declared and made plain 
TO the Appearances obſerved by them who ſail in a 
UP... _ | TOS | 
9 SUPPOSE A. wp carried by the Winds with a They «ho 
ſwift, but uniform, Motion ; the Paſſengers can nei- /ai in a 
ther perceive, the Motion in the Ship, nor of any Ship, _ -þ 
Thing in it that keeps the ſame relative Place in th prog Fl 
| I Ship; of the Ship. 
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| Ship: For ſince the Veſſel and all its Parts retain t 
Lo TE ine Situation and Poſition in reſpect of the Eye, 
L , their Images painted on the Retina will always abide 
a in the ſame Place, and therefore they muſt appear 
” unmoved, Hence it is, that though every Thi 
in the Ship goes as faft forward” as the Ship itſe 
does, yet ſuch Motions cannot be perceived by a 
Spectator that fits in the fame relative Place, and 
who has the ſame common Motion with the Ship, 
But when. the Spectator turns his Eyes towards the 
Shore, or upon Objects which are without the Ship, 
they will ſeem to be moved; for while the Ship 
forward, it carries along with it the Eye of the 
Bas exter- Spectator, by which Motion of the Eye the Poſi- 
nat Die tion of external Objects in reſpect of itſelf will be 
withoul the changed, and their Images will ſucceffively oc- 


8 cupy different Places on the Retina; and therefore 
nue. ects without the Ship, which are really at reft, 
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will ſeem to be moved, whereas thoſe that are within 
the Ship, and really in Motion, will appear to be at 
Reft. . 8 5 
x, while the Ship is moving very faſt forward, 
2 Ball of Lead, or any other heavy Metal, were 
let fall from the Top-maſt, the Paſſengers in the 
Ship will obſerve the Ball to fall perpendicularly 
downwards, and it will fall upon the Deck juſt by 
the Foot of the Maſt, after the fame Manner as it 
| would fall were the Ship at Reſt. But notwith- 
The Motion ſtanding this, the true Motion of the Ball is not in 
of a Ball the Perpendicular, but 'in an Oblique Line, in 
*! Wich it deſcends; and a Spectator in another Ship 
us. © which is at Anchor, will eafily obſerve this Obliquity 
and Curvity of its Way, while it falls through the 
Air. The Reafon of this 1 is eaſily ſhewed : 
For according to the firſt and principal Law of Na- 
tural Philoſophy, a Body once put into Motion, en- 
deayours to retain that Motion, and to continue 
moving in the ſame Direction. Now the Ball, while 
it was held at the Top-maſt, went forward with 
the Ship, and had its Motion communicated to it ; 


LECTURES. 
ame Force to go forward as it did before; and at the 
fame *T'ime, its weight carrying it downward, it will 
both go forward and deſcend : For the two Forces, 
one commuhitated by the Ship, and the other from 
Gravity, Will not hinder or diminiſh one another, 
they not, being contrary. It will therefore be moved 
as faſt forward, and as much downward as it would 
be, did the two Forces act upon it ſeparately at diffe- 
tent Times. By theſe two Forces acting together, 
the Rectitude of its Way is only hindered, which it 
would have, did the Me Boon and' the Horizontal 
Forces act ſeparately ; and the real Way of the Ball 
through the Air is a curve Line, exactly like that 
which a Body takes when it is thrown according to 
an Horizontal Direction: And in ſuch a Line it will 
be obſerved to move, by a Spectator placed near it 
in another Ship which is at Reſt, Beſides, ſirice the 
Ball and Maſt are both moved forward with the ſame 
Velocity, they will always remain at the fame Diſ- 
tance from each other, and therefote the Ball will 
touch the Deck juſt by the Foot of the Maſt. More- 
over, the Motion of the Ball forward is common to 
the Ship, and all its Parts, as likewiſe to the Paſlen- 
gers that are relatively at Reſt in the Ship. But we 
have before ſhewed, that the common Motion could 
not be obſerved by the Paſſengers in the Ship, and 


znd therefote; After it is left to fall, it will retain the Lecküre 


3 


H. 
— 


therefore it cannot be perceived neither while the Ball 


is falling. Wherefore the only Motion that can be 
en, will be that which is impreſſed upon it by its 
Gravity, which is peculiar to the Ball, and by Which 
it deſcends. And therefore the Paſſengers will ſee the 
Ball deſcending only in a perpendicular Line. Ex- 


petiments have been often made, which demonſtrate 


that all we have ſaid is exactly true. 


Ir any Perſon fitting at the Ship's Head, ſhould 25e Meru 
throw a Ball towards the Stern with the ſame Velocity of a Ball 
that the Ship goes forward, that Ball would neither go n 
forward nor backward ; and if there were no Gravity, revs 


it would remain immoveable : But becauſe Gravity 
VO acts 


Ship. 


4 ASTRONOMICAL 
Lecture acts upon it, it will really deſcend in a perpendicular 
II. Line, and a Spectator in a Ship at Anchor would 

| ws, Obſerve it nn right Line. For the Force 
impreſſed upon it when it is thrown, will only de- 
ſtroy the firſt Force communicated to it from the 
Ship, to which the Projectile Force is contrary and 
equal. But for all this, the Paſſengers will not per- 
ceive this perpendicular and direct Motion; but they 
will ſee the Ball go towards the Stern with the ſame 
Force, as it really would have done, had the Ship 
been at Reſt, and the Ball been thrown with the ſame 


Faroe to: che Sher. vv oo ro, 
Bur if the Velocity with which the Ball is thrown 
toward the Stern ſhould be leſs than that of the Ship, 
the real Motion of the Globe will be forward, in the 
fame Direction in which the Ship goes, but flower 
_ than it; for the whole Motion communicated by the 
Ship will not be deſtroyed, and there will ſtill remain 
a Part of its; former Motion, by which it will be car- 
ried forward, though not ſo fait as before. But the 
Paſſengers will perceive no ſuch Motion, but they 
will obſerve the Ball to be moved in a Line directly 
contraty to its real Motion, with that very Velocity 
that it would have, were it thrown when the Ship is 
at Reſt: Hence it is plain, that Bodies may appear 
to have a Motion directly contraty to their real and 
_ abſolute Motion. EET Eoin >. 
An Objec- Bur ſome may object, that the Ball thus thrown, 
tion. will really hit the Stern of the Ship, and impreſs on 
it a conſiderable Blow, which it could not do, had 
it not a Motion towards the Stern. But this Diffi- 
culty is eaſily removed; for though they that are 
within the Ship ſee the Ball go and hit the Stern; 
a Spectator without, who is not in Motion, Kr 
obſerve that the Ball does not come upon the Stern 
and give it a Stroke, but that the Stern ruſhes upon 
the Ball, and acts upon it with all its Force: 
And the Force of the Stroke which each Body re- 
ceives, is the ſame as if the Ship had been at Reſt, 
and the Ball had fallen upon it with the ſame 
8 ** een Velocity 
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LECTURE SA. 


Velocity that the Stern does really come againſt .the Leu 


Ball; for it is known from the Laws of Motion, 
that if there be any two Bodies, A and B, equal 


or unequal, the Force of the Stroke will be the plate I. 
ſame, whether, B with a certain Degree of Velo- Fig. 8. 


city comes upon A, which is at Reſt z or if B ſhall 
be 15 Reſt, — A with, the ſame Velocity ruſhes 
but A, moving faſter by its greater Velocity, gives 
B an Impulſe, the Force of the Stroke will be the 
ſame as it B were at Reſt, and A came upon it 
with the Difference of their Velocities, that is, by 
the Exceſs wherewith the Velocity of A is greater 
than that of B: Or, laſtly, if A and B have con- 
trary Motions, and hit one againſt the other, the 
Greatneſs of the Stroke will be the ſame as if one 
of them ſtood ſtill, and the other came againſt it 
with the Sum of their, Velocities: In: one Word, 
whatever the real Velocities of the Bodies may be, 
ſo long as their relative Velocities, or the Velocities 
by which they Tren each other, remain the 
ſame, the Force of the Stroke will likewiſe remain 
the ſame. Hence it is, that in a Ship, however 
ſwiftly it may ſail, all ouf apparent Motidns, and 
the e of every Thing in the Ship, do all ap- 
pear to be the fame that they would, Were the 
Ship at Reſt: And it is obſervable, that Flies and 
other Inſecs keep the ſame Motion in regard to one 
another, whether the Ship is at Reſt, or ſails uni- 
formly forward with any Degree of Velocity, let it 
be never ſo great. And it is univerſally true, that 
all Bodies that are ſhut up in any one Place, preſerve 
the ſame Motions in regard to one another, and all 
Appearances will be the ſame, whether the Place 
remains unmovyeable, or has a direct uniform Motion 
forward. 1 jFFFF EC 
I Have brought theſe Examples, that you may 
perceive how wide the Differences may be between 
real and apparent Motions, aud how hard it is ta 
Judge of real Motions, by thoſe that are ſeen. 2 
3 ; Y 


16 48 TRONOMITAL 
Lecture By this it is evident, that if a Spectator were 
. taced in Jupiter, or Stun, or any other of the 
Iznets, he can never be made ſenſible of the Motion 


” of his owh Habitation, no more than they whe 
fail in a Ship can perceive the uniform Motion 
of the Ship. © Paſte rs who fail in Ships oe 
indeed be very ſenſible of the frequent 
and 'ſuddeh Shocks the Ships receive . — 
Waves and Wind, which they find exceedingly 
troubleſome to them. But the Planet, which com- 
ſe a Celeſtial Fleet, are not liable to any Storm; 
— without any Diſturbance or Commotion cir- 
culate in their Orbits, and ſail, as it were in'a 
moſt Pacifick Ofeen, which is continually calm and 


ſerene. | 


L. E CTURE I. 
T=g the Syſtem of the World. 


x E likes ſhewed, that according to the 
different Situntion and Motions of the 
guy Spectator, the Appearances of Things 
will be very various and different. 
That we may have a more diſtin& 
K of the Fabrick of the World, and that 
the admirable Beauty of the Univerſe, and the 
harmonious Motions of the Bodies therein con- 
fained, may be more eaſily underſtood, it will 
be requilite, that that Divine and Immenſe Fa- 
brick ſhould not be obſerved from one Point or 
But as in viewing of large Palaces, we 


Corner on 42 
take the different Proſpects they afford from ſeveral 
Places; fo here, to have a true and juſt Notion of 


the World, we muſt ſuppoſe it to be obſerved in 
different 


A 


fronting page 16. 
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1 different Situations and Diſtances, that by contem- Lecture 

1 plating the various Proſpects it gives us, and com- III. 
paring them together, we may obtain at laſt a diſ- nk ee 

tinct b of this immenſe Palace of God Al- 

9 35 and have an Idea or Image of it impreſſed on 

our Minds, which is worthy of its infinitely wiſe 

Architect. | 

In order to underſtand therefore the Heavenly 

Bodies, their Motions, and Appearances, which are 

called Phenomena, we muſt feign ourſelves not to 

be Inhabitants of this Earth, and fixed to one Ha- 

bitation, but ſuppoſe we have the Power of tra- 

velling every-where, through the immenſe Regions of We may 

indefinite Space: And therefore we will ſometimes imagine 

take Poſſeſſion of ſome immoveable Place, from iel ves to 

thence we will transfer ourſelves to the Sun, to ob- _ . 

. | . e, Or 

ſerye the Regularity and Harmony of the Motions Pale, 

which are to be ſeen from thence ; afterwards we will through all 

take a Journey to ſome other of the Planets, that *be Parts of 

we may, from them; obſerve the apparent Motions in: ones 4 

of the 18 nor will we confine ourſelves within 75 

this Planetary Syſtem, but we will aſcend much higher from one 

in the Heavens, and view the World from a Comet or Star to 

fixed Star. ; another. 


_ [1 As. 4 « 0 SY Boar — 
*, 2 , 5 * 1 * . e Wn EE 1 2 n 825 * 2 = 5 Dr 
8 1 6 ES Fe * r c * 25 25 Nr n 7 ip *; 6 hs Ly 

fr —_ * 3 . N n 5 Pat of „ Ed os it EIT» oY "© 22 "oe EE) * 5 R * 4 as = 
5 CEF 58 rg phe A Tt oats SSL, e n oy MINS en * n by * oy 
td TEX ME Ot OUTS I FIC Td Wir ESR 8 e — y 

5 r 35 * 9 198 JJC0C00öãéâ2?x U Coe ESE boo: £0 

3 1 0 : k g n K 2 * - 2 TC of a 
* . 


5 
8 


S 


Me, tho“ from Heav'n remote, to Heav'n will move 
With Strength of Mind, and tread th Abyſs above + 
And penetrate, with an interior Light, 
Thoſe upper Depths, which Nature hid from Sight. © 
Plzas'd we will be to walk along the Sphere | 
Of ſhining Stars, and travel with the Year. 

To leave this heavy Earth, and ſcale the Height 
Of Atlas who ſupports the Heav'nly Weight : 
To look from upper Light, and thence ſurvey 
Miſtaken Mortals wand ring from the Way. 
OV ID's Metamorphoſis, Book XV. 
C — 
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18 ASTRONOMICAL 


Lecture Now, though our Bodies, by Reaſon of their 

III. Gravity towards the Earth, are detained, as it were, 

2 Priſoners in this earthly Manſion; yet nothing hin- 

ders, but that, with our Mind and Imagination, 

we may wander through all the Heavenly Regions, 

and from them contemplate, with the Eyes of our 

Reaſon, the whole Syſtem of Nature. Nor do I ſee 

how this Liberty of Imagination can be denied us, 

which was always allowed to the Afironomers of all 

Ages; for they to obſerve the equal Motions of the 

_ Heavens, thruſt the Spectator down to the Cen- 

ter of the Earth, and ſuppoſed that the Heavens were 

viewed from thence, as from the Center of a cryſtal 

Globe, An Aſtronomen thinks it no great Conceſ- 

ſion or Potulatum, that he can draw a Line from the 

Sun to the Center of the Earth; and from thence 

again to any Planet or Star. He divides the Heavens 

with his Circles, and marks out the Ways of the 

Planets ; and indeed without ſuch a Licence he could 

never have brought A/ronomy to any Degree of Per- 
fection. | | 

As therefore it was a Cuſtom among the A/tro- 

nemers, to place the Eye in the Center of the Earth, 

to view from thence the apparent diurnal Revolu- 

tion of the Heavens; which would from thence be 

ſeen an equable Motion: We will, on the contrary, 

carry the Spectator to ſome immoveable Place in the 

Heavens; that the real and abſolute Motions may 

be obſerved from thence, as much as they can be, 

equable and uniform. For the A/tronomers of all 


Sects do agree, that the Motions of the Planets are 


in themſelves ſimple, regular, and uniform: But 
when the Heavens are viewed from the Surface of 
the Earth, or even from its Center; the Planets ſeem 
br. be carried by very unequal Motions, and not to 
em from obſerye any regular Courte; and therefore we may 
the Earth, certainly conclude, that our Earth is not placed in 


haze une- the Center of their Motions. He therefore that 


gael, and would obſerve the real and proper Motions of theſe 
area Celeſtial Globes, muſt firſt place himſelf in the 
Motions. N ; Center 


err MW 


Center of the Sun, or in ſome Point or Space not Lecture 
far diſtant from it; and then let him confider what III. 


will be the Appearance or Phænomena he will behold . of? 


from thence. | 
Ax p, firſt, it is to be noted, that where ever he Spec 
the Spectator reſides, he will ſtill be in the Center zator is al- 
of his own View; for in an Indefinite Space, where ways in the 
there is nothing to bound our Proſpect, all Objects 2 9 
that are at a great Diſtance from us, though they be %% 
at immenſe Diſtance from one another, yet if they 
appear in the ſame right Line which paſſes through 

the Eye, will be ſeen at the ſame Point of Space; 
and all Bodies will appear equally remote, when their 
Diſtances from us become ſo great, that the Eye 
cannot eſtimate or judge of them: And conſequently 
the Spectator will look upon them all as placed in 
the Surface of a Sphere, which has the Eye for its 
Center, and whoſe Surface is at an immenſe Diſ- 
tance, in which Surface all the heavenly Bodies will 
ſeem to perform their Motions. Thus, though the 
Moon be many Millions of Miles nearer to us than 
the Sun, and he again much nearer than the fixed 
Stars, yet all appear as placed in the ſame concave 
Surface of the Heavens; And even the Clouds, 
which are but a few Miles above us, would be judged 
to be as far diſtant as the Moon and Sun, if they did 
not ſometimes cover them and obſcure. their Light. 
In whatever Place therefore the Spectator reſides, 
whether it be in the Earth, or the Sun, or in Saturn, 
the furthermoſt of the Planzts, or even in a fixed 
Star, that Place will be looked upon by its Inha- 
bitants as the middle Point of the Univerſe, and the 
Center of the World; ſince it is the Center of that 
Spherical Surface in which all diſtant Bodies ſeem to 
be placed. if 0 1 | 1 

A Spectator therefore living in the Sun, when 93z Pro- 
he looks towards the Heavens, will obſerve its Sur- ed of the 
face to be ſpherical-concave, and concentrical to his For 
Eye; in which Surface he will obſerve an innume-/%" the 
rable Multitude of Stars, which we call Fixed, . g 
every-where diſperſed throughout the whole Hea- : 

C2 vens, 
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20 ASTRONOMICAL 
cture vens, which like ſo many gilded Studs, with a 
f 1 bright Luſtre adorn the Firmament. Theſe Stars 
| we call Fixed, becauſe, as ſeen from the Earth, 
they preſerve the ſame immutable Poſitions and Diſ- 
tances from each other; and ſo from the Sun like- + 
wiſe, they will appear always to retain the ſame 
Situations in reſpect of one another, nearly as they 
are obſerved to have when ſeen from the Earth, 
' The im- For their Diſtance either from the Earth or Sun is 
menſe Di/- ſo great, that the little Change of Place, (however 
| gy o ” great it be, when compared to our common Mea- 
— 4% ſures) which is made by bringing a Spectator from 
Sun. the Earth to the Sun, will ſcarcely make any Change 
in the viſible Situation of the Stars. Now, though 
the fixed Stars ſeen from the Earth do always preſerve 
the ſame Diſtances, Poſitions and Situations in re- 
| ſpect of one another, yet in reſpe& of the Eye we 
obſerve them to change their Poſitions, and ſome. 
The Stars times they ſeem to mount higher in the Heavens, 
uy and to come more perpendicularly over us; then they 
tion in re- deſcend again, and appear to turn round in Circles, 
ſpe of the ſome in greater, ſome in leſs, about an Axis which 
Spectator. is the Axis of the Earth: And this Circumvolution 
| of theirs is every Night to be obſerved from the 
Earth; but whoever would view them from the Cen- 
ter of the Sun, would perceive them abſolutely im- 
moveable, and always abiding in the ſame Place of 
the Firmament. And this Appearance will be the 
ſame, whether the Stars do really reſt in the ſame 
Place; or whether the Heavens, in which the Stars 
are placed together with the Sun, revolved round the 
Axis of the Earth: For if there were really any fuch 
Revolution of the Heavens, a Spectator in the Sun 
would have that Motion in common with the Stars; 
and therefore he could be no more made ſenſible of it, 
than a Paſſenger in a Ship can obſerve by his Senſes 

the Courſe and Motion of the Ship. 
B ES DES che innumerable Stars at reſt, there 
Kare ſix other ſhining Globes to be obſerved, which 
perform their Cireulations round the Sun, in very 


od 


-. 


2 


2 E C TUR K$: 21 


different Periods of Time: And therefore, they muſt Lecture 
have conſtantiy variable Poſitions, and be always III. 


changing their Diftances from one another, as well Oy 


as from the quieſcent-Stars. Theſe Globes or Stars 
are called Planets, which __ Wanderers, and one 
of them is the Earth, the Place of our Abode. And 
even though we ſhould ſuppoſe the Earth to be at 
Reſt, and that the Sun did really move round it in the 
Space of a Year; yet a Spectator in the Sun would 
obſerve that the Earth turned round about him ; and' 
would ſee it deſcribe the fame Circle in the Heavens, 
that we in the Earth obſerve the Sun to perform his 
Courſe in; as we ſhall afterwards demonſtrate. 

Tuk Names and Characters, or Marks for the The fix 
Planets are Saturn h, Jupiter u, Mars &, the? lanets or 
Earth , Venus , Mercury $. Theſe Characters eee | 
were invented by the Afironomers, as Abbreviations 
in Writing. The Planets do all turn the ſame Way 
as the Sun from the Vſi to the Eaſt, in Orbits which 55, p;,_ | 
lie in Planes, which are not much inclined to one ett turn 
another, but nearly coinciding : So that the Planes round the 
of theſe Orbits in the Heavens, being little inclined Sun from 
to one another, make Angles with that Circle in — alt 42 
which the Earth is ſeen to turn round the Sun, but 
of a very few Degrees. As all Planes that are not pa- 
rallel, cut one another in right Lines; ſo the Planes 
of the Orbits in which the Planets move, cut one 
another in Lines that paſs through the Sun's Cen- 
ter; and therefore a Spectator there placed will be 
in the Plane of each Orbit, and will obſerve that 
the Planets, moving in the concave Surface of the 
Heavens, perform their Motions in great Circles, 
which divide the Heavens into equal Portions. Now 
the Eye being, in this Situation, in the Planes of 
all the Planets Orbits, can never by that Means 
judge of their different Diſtances from the Sun; for 
from thence they will all ſeem to be at the ſame Diſ- 
tance from him: And therefore to obſerve their 
different Diſtances, as well as Periods, it will be ne- 
ceflary that our Spectator ſhould remove from the 

| + Jung, 
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22 ASTRONOMICAL 
Lecture Sun, and riſe above the Planes of all the Orbits, in a 
III. Line perpendicular to the Plane of the Earth's Orbit; 
| and, for Examplc's Sake, let us ſuppoſe him to riſe 

ſo high, as that his Diltance from the Sun may equal 
the Earth's Diſtance from it, and let him there. 

make his 4/ftranomice! Obſervatory : From thence he 
will not only obſerve the ſame fixed Stars in the fame 
Pofition as before, but he will ſee both Sun and Pla- 
nets in the Heavens: The Sun indeed will appear like 
i the fixed Stars, immoveable; but the Planets will be 
ſeen to turn round in leſſer Circles about him, at 

very different Diſtances, and in different Periods: 

They who finiſh their Circuits ſooneſt, are ſeen 

neareſt to the Sun, and the Circles they move in are 

the leaſt ; they who take a longer Time in revolving, 

© -| deſcribe larger Circles, and are further remoyed from 
| The Order the Sun; and the Order of the Planets will be ſuch. 

of the Pla- as is repreſented in Figure 1, Plate II. Where. the 
net. un remains unmoved in the Center of all the Orbits; 
| round about him fix Planets make their Revolutions, 
viz. Mercury, Venus, the Earth, Mars, Fupiter, and 
#3 Saturn, all from the Veſt to the Eaſt, according to 
Plate II. the Order of the Letters AB CD. Mercury is next 
Fig. 1. the Sun, and finiſhes his Courſe in three Months; 

Venus, in an Orbit ſomewhat larger, performs her 
Period in eight Months: Beyond the Orb of Venus, 

is that of the Earth, which revolves round the Sun in 

the Space of a Year : Mars takes two Years to com- 

plete his Circulation: And Jupiter, at a much greater 
Diſtance, does not finiſh his Revolution till after 
twelve Vears: The furthermoſt and ſloweſt of all is: 

Saturn, whoſe Orbit includes all the others, and re- 

quires not much leſs than thirty Years to complete his 

Courſe. ; . Tak? 23s Cad, f 1 

De ancient THIS was the ancient Syſtem of the World, 
Pythago- which was at firſt introduced into Greece by the 
1 Jorns N great Pythagoras, and his Diſciples, who had learned 
7 5 it from the wiſe Men of the Eat, to whom, as to 
an Univerſity, they then all reſorted for Inſtruction. 
It is true, the other apparent Syſtem, which ſup- 
| ; Os 5 2488 poles 
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poſes the Earth immoveable, and the Heavens to Lecture 
revolve about it, was received among the Vulgar and | 
illiterate Part of Mankind; yet the Philoſophers 8 
retained the true Syſtem, til! Ari/totle, and the Philo- 
ſophers that came after him, degenerating from their 
Predeceflors, and not being acquainted with true 
Philoſophy, embraced the common Syſtem of the 
Vulgar: So that the ancient Syſtem was forgot, 
and not minded, till the "Time of Nicolaus Copernicus, 
who again brought it to Life, and retrieved it from 
Oblivion, and eſtabliſhed it by ſolid Arguments and 
Reaſons : Whence this Syſtem is now called the 
Copernican Syſtem. After the Invention of Teleſcopes, 
the Secundary Planets, with many new and unthought 

- of Appearances, were obſerved in the Heavens by the 
Aſtronomers, which did wonderfully inlarge the anci- 
ent Syſtem, and confirmed it with invincible Demon- 
ſtrations. 

IF a Spectator ſhould with a Teleſcope more nearly The Pla- 
view the Planets, he will ſoon find, that they are ets are o. 
ſpherical Bodies ; and opake, like our Earth ; having eee cog 
no proper Light of their own, but that they ſhine ug wo 
with the borrowed Light of the Sun; for that Side 
of them which is turned towards the Sun, is always 
illuminated: and it is by the reflected light of the 
Sun, that they become viſible : But the Side oppo- 
ſite to the Sun, which the borrowed Rays cannot 
reach, remains dark and obſcure. And beſides this, 
as all opake Bodies do, the Planets caſt a Shadow 
behind them, which is always oppoſite to the Sun. 

The Line in the Planet's Body, which diſtinguiſhes 
the lucid Part from the obſcure, appears ſometimes 
right, ſometimes crooked: And it is ſometimes con- 
vex towards the ſplendid Part, and concave on the 
obſcure; ſometimes, on the contrary, it appears con- 
vex towards the obſcure Side, and concave towards 
the ſhining Face of the Planet, according to the 
different Situation of the Eye in reſpect of the Planet, 
and of the Sun which illuſtrates the Planet; which 
C 4 different 
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24 ASTRONQMECAL 
{ .-&rure different Poſition is likewiſe the Cauſe why ſometimes 
A. © we? tee a greater, ſometimes a leſſer Portion of the 
illuminated Face; as it ought to be in ſpherical opake 
7 8 which are expoſed to the bright Light of the 
Sun. 
The Secun- IHRE E of the Planets, viz. the Earth, Jupiter, 
day Flag and Saturn, have other leſſer Planets, which continu- 
ors ally accompany them ; theſe are called Secondary 
Pianets, Moons or Concomitants ; for they con- 
ſtantly keep cloſe to their reſpective Primaries, and 
always attend upon them in their Circulation round 
the Sun ; and in the mean Time, each of them per- 
5 forms his proper Revolution round its proper Primary. 
The Earth The Earth indeed has only the Mn to keep her Com- 
is accom- pany, who never forſakes her in her annual Courſe. 
famed by round the Sun, and while ſhe attends upon us, ſhe 
#be Moon. performs proper Circulations of her own round the 
Earth, in the Space of a Month. 
THAT the Moon appears ſo large to us, and 
ſhines ſo brightly beyond all the Stars, and in Bigneſs 
ſeems to equal the Sun, is owing intirely to her Near- 
neſs to the Earth; fon a Spectator in the Sun would 
ſcarcely be able to obſerve her without a Teleſcope ; 
-and therefore, if ſhe were as far removed from us as 
the Sun, ſhe would be fo ſwall, as ſcarcely to be 
_ viſible by an Eye that is not aſſiſted by a Glaſs. 


| Jupiter's JUPITER has four Moons that attend him, which 
four at different Diſtances, and with different Periods, 


Moons. perform conſtant Circulations round him; that which 

I is next to him, is no further removed than 23 of his 
own Diameters, and turns round in one Day, eigh- 
teen Hours and an Half, The ſecond at the Diſtance 
of 4 Diameters, deſcribes its Orbit in the Space of 
three Days, and thirteen Hours. The third is re- 
moved from Jupiter, ſeven of his Diameters, and 
finiſhes his Circulation in ſeven Days, four Hours. 
The furthermoſt completes his Period in the Space of 
16 Days, 16: Hours, at the Diſtance of 12 Diame- 
ters of Jupiter. A 5 


LECTURES. = 
THESE. Jovial Planets were firſt obſerved by that Lectur 
noble Italian Philoſopher Galileus, by the Help of the III. 


Teleſcope which he firſt invented; and by them he 7 


increaſed the Number of the Celeſtial Bodies, and 

called them Medicean Stars, in Honour of the Dukes 

of Tuſcany, with whoſe Name he dignified them, By 

the Benefit of theſe new-diſcovered Worlds, Afro 

nomy and Geography have received many particular 

Advantages. : 5 | 
SATURN performs his Courſe round the Sun Saturn has 

with no leſs than five Attendants, though moſt of five 

them, by Reaſon of their great Diſtance from the Moons. 

Sun, and the:Smallnefs of their own Bodies, are not 

to be ſeen but by the Help of very long Teleſcopes : 

The acute Eyes of Mr. Caſſini, the 25 King's 

Aſtronomer, were the firſt that reached all that have 

been already diſcovered ; and but of late they have 

been ſeen in Britain, by Means only of that Tele- 

ſcope which was given to the ROYAL SOCIETY b 

the illuſtrious Mr. Fugens. The Diſtances of theſs 

Planets from Saturn, and their Periodical Times, are 

as followeth : The neareſt completes his Revolution 

in one Day and 4, and is diſtant from Saturn's Cen- 

ter 4 of his Semidiameters. The ſecond. revolves 

about Saturn in 2 Days 17 Hours, and the Semidia- 

meter of his Orbit 5+ of the Semidiameters of Saturn. 

The third finiſhes his Revolution in 4 Days and 

12 Hours, at the Diſtance of eight Semidiameters. 

The fourth completes his Period in 16 Days, and is 

diſtant from Saturn 18 of his Semidiameters. The 

fifth and outermoſt takes 793 Days to finiſh his 

Courſe, and is 54 Semidiameters of Saturn diſtant 

from him. A : 2 
Bx$SIDES theſe Attendants, Saturn has an Orna- Saturn's 

ment peculiar to himſelf; for he is dignified with a Ring. 

Ring which ſurrounds his Middle, and does no-where 

touch his Body; but by an exact Libration and 

Equiponderancy of all its Parts, ſuſtains itſelf like 

an Arch; and being thus ſuſpended by Geometry, 

it is kept from falling upon his Body, The Dia- 

W nenn 
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26 ASTRONOMICAL 
Lecture meter of this Ring is more than double of the Dia- 
IV. ter of Saturn; and though the Thickneſs of this 
88 Ring on the convex or concave Side be but ſmall, 
yet its Breadth or Depth is fo great, that it takes up 
the Half of that Space which is between its out⸗ 
ward Surface and the Body of Saturn, the reſt of the 
Space remaining void : So that in proper Situations 
we can fee the Heavens between the Ring and the 
Body. For what Purpoſe this admirable King” was 
made, we know not; and perhaps we never may 
come to the Knowledge of it, ſince we find nothing 
in Nature like it ; but yet we cannot but admire the 
infinite Majeſty and Power of GOD, Who, in this 
our Age, has diſcovered and ſhowed us new and 
unthou it of Inftances of his Greatneſs,” 


choc cg o Kecporpp R 
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I 4which is proved hat the Syſtem land 
in the former Lectu re, is the true _ 
of the Mor. 


LAX T may per MEE be objeRted inſt the 
" 1 N Sy fein of the World, delivered in our 
* Lal Lecture, that we feigned and i imagin- 
ed our Spectator carried up into Hea- 
ven, and from thence to have ſeen with his Eyes the 
Motions, Situations, and Order of the Planets which 
we there explained. But this was only done in Ima- 
ination, and therefore being nothing but a Fancy or 
| | Fiction, the Syſtem we have given upon that Suppo- 
i ſition, will be likewiſe only a Fiction or Hypotheſis, 
48 and may not anſwer to the Reality of Things. Can 
[| 1 there not, by the ſame Liberty of Fancy, any other 
Li. Order of the Planets be ſuppoſed, and another Syſ- 
| tem be given quite different from ours? Cannot we, 
relying upon our Senſes, place the Earth in an im- 
moveable 


3 


— 
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moveable Poſition, and ſuppoſe the Sun and Pla- Lecture 
nets, and all the Stars, to move round it, as our IV. 
Eyes teſtify to us that they do? And from ſuch Poſi- 
tions cannot we explain all the Appearances of their 
Motions ?/i 7 472 | | | Rn BK" 2d 
- I anſwer, that although we fancied our Spectator 
raiſed up to the Heavens, and from thence to have 
looked upon the Sun and Planets; yet the Order, 
Motions, and Poſitions of the Planets, which would 
be ſeen upon that Suppoſition, and which we ex- 
plained in the preceding Lecture, is no Fancy, or 
Fiction of the Imagination, but is as real, certain 
and indubitable, as if a Spectator were there, and . 
ſaw it with his Eyes. A true Aftronomer feigns True A- 
nothing without ſolid and ſufficient Reaſons; he ſtronomy 
takes Nature for his Guide and Rule, and lays kis e — DM 
Foundations on Obſervations : He raiſes his Syſtem aan, eee 
upon Phyſical . Cauſes, and invincible Geometrical theſes. 
Demonſtrations, with which, as with an indiſſol- 
vible Cement, he joins and binds the whole Fabrick 
together. The Hidotheſes of Ptolemy and Tycho may 
truly be called Fictions; for they have nothing in 
them but a bare Suppoſition, on which, without any 
Reaſon, they depend; and they diſtort and diſorder 
the whole Frame of Nature. But the true A¶ftrono- 
my is the moſt ancient of all; for it was preſeryed 
in the School of the Pythagoreans, to whom it was 
delivered by the firſt 4/ronomers, either "Egyptians or 
Chaldeans : It has all its Parts fitly joined together 
in a molt agreeable Harmony and Order; it leads 
us to the Knowledge of the Vaiverſe, and the won- 
derful Symmetry, Beauty, and regular Diſpoſition 
af all the Bodies that compoſe it. There is no- 
thing in Nature that does more ſhew the piercing 
Force of human Underſtanding, the Sublimity of its 
Speculations, and deep Reſearches, than true A/tro- 
nomy. It raiſes our Minds above our Senſes, and 
even in Contradiction to them, ſhews us the true 
Syſtem of the World: The Faculty of Reaſon, by 
which we have made theſe great Diſcoveries in the 
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| Lecture Heavens, muſt needs be derived from Heaven, ſince 
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IV. nocarthly Principle can attain fo great a Perfection. 
aud fince the Origination of our Minds is from 
Heaven, it may be expected, that they will endea- 
vour to return thither, and Heaven will become 
our final Habitation : We will here declare, in few 
Words, ſome of the Ways by which the Mind 
arrived to the Knowledge of theſe heavenly Diſco- 
 VeTiCes, Ft: 


I Demon. FIRST, it is certain, that where-ever the Sun be 
| frratim placed, the Orbit of Venus does ſurround him, and 


that the includes bim within itſelf; and therefore Venus, 
Planets 


turn round While ſhe deſcribes this Orbit, does really turn round 
be Sun. the Sun; for Venus has been obſerved to be above 
or beyond the Sun, ſometimes it has been ſeen be- 

low it, or between the Sun and us. That Venus aſ- 

cends above the Sun, is plain from hence, that when 

the is in Conjunétion with the Sun, that is, when 
ſhe is ſeen from the Earth, near the ſame Part of the 
Heavens that the Sun is in, her lucid Face appears 
in a full and round Figure; For ſince all the Planets 
borrow all the Light with which they ſhine, from 
the Sun, it is nece that that Face of hers ſhoyld 
be lucid, which is towards the Sun, and that which 
is turned from him, be involved in Darkneſs; and 
therefore when ſhe ſhines with a full and round 
Face, that Side of her which is towards the Sun, 
is alſo towards the Earth; and therefore, at that 
Time, ſhe muſt be above the Sun; for in no other 
Poſition, could her illuminated Face be towards the 
1 Earth, when ſhe is ſeen in Conjunction with the Sun, 
Fig. 2 * In the Figure, let S repreſent the Sun, T the 
5 2 Earth, and let Venus be in F or V, where ſhe can 
be ſeen from the Earth, in the ſame Part of the Hea- 

ven that the Sun is; and ſhe will appear to have a 

full and round ſhining Face; . that Side of 

her which is illuminated, and is towards the Sun, is 

likewiſe turned towards the Earth 3 and therefore the 

Place of Venus, in that Caſe muſt neteſfarily be 

above the Sun. That Venus is alfo — 

5 OW 
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29 


low the Sun, or between the Sun and us, is evident Lecture 


from hence ; that ſometimes, when ſhe is in Con- 
junction wich the Sun, ſhe either quite diſappears, or 
if ſhe is viſible, ſhe appears horned, and takes ex- 
actly the Shape of a new Moon: And therefore that 
Face of hers which is towards the Sun, either is 
wholly turned from the Earth as in G; or only a 
very ſmall Part of the illuminated Face towards the 
Earth; and can be ſeen by its Inhabitants, as in H, 
in which Caſe ſne aſſumes a horned Figure, as the 


IV. 


Moon does; and therefore, at that Time, ſhe muſt 


of Neceſſity be placed between the Sun and us, and 
come lower or nearer to us, than the Sun is. Once 
Venus was ſeen within the Body or Diſk of the Sun; 
but there was but one Man who had the Happineſs 


to be Witneſs of the Sight, our Countryman Mr. 


Horrox, who in the Year of Chriſt 1639, obſerved 


it with his Teleſcope to enter upon the Body of 
the Sun like a black Spot. This is a Sight which 


can ſeldom be obſerved; ſhe was ſeen again in the 


Sun's Body, in the Year 1761, upon the 26th Day | 


of the Month of May in the Morning; at whic 

Time all our Afronomers were very buſy in making 
their Obſervations ; for by them our Diſtance from 
the Sun can be nearly determined, which before that 
Time was not eaſily to be aſcertained. Venus was 
a third Time ſeen within the Body or Diſk of the Sun 
on the third of June at ſeven in the Afternoon. Be- 
ſides this, Venus is always obſerved to keep near the 
Sun, and in the ſame Quarter of the Heavens that he 
is; for ſhe never recedes from him beyond a certain 
Diſtance of about 45 Degrees; ſo that ſhe never 
comes in Oppoſition to the Sun, or to be ſeen in the 
Eaſt when he is in the Veſt; nay, ſhe never attains 
or arrives at a Quartile Aſpect with him, or to have 
a fourth Part of the Heaven between her and him, 


which would neceſſarily happen, did the perform her 
Period round the Earth either in a longer or ſhorter 


Time, than the Sun does, 5 
AFTER the fame Manner Mercury abwa 


ys keeps The 4p- 


himfelf in the Neighbourhood of the Sun, and pearances 
oe Ck | neuer Y Mercu- 
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Lecture never recedes from him ſo far as Venus does: He 
IV. bides himſelf ſo much in the Splendor of the Sun's 
Rays, that he is but ſeldom ſeen by us on the Earth; 


ry are like but ſince the Invention of Teleſcopes, he has been fre- 
thoſe of Ve- quently obſerved, when in Conjunction with the Sun, 


pus. to paſs under his Diſk like a black Spot, as Venus was 
ſeen by Mr. Horrox : The exceeding Brightneſs by 

which Mercury outſhines all the Planets, does evidently 

prove him to be much nearer the Sun than any 

of the reſt; for the nearer any Body is to the Sun, 

the greater is the Illuſtration it receiveth from him. 

From all this it is evident, that Mercury does like- 

wiſe go round the Sun in a leſſer Orbit, included with- 

in the Orbit of Venus; which therefore muſt neceſſa- 

i rily be his Place, for no other can be aſſigned him. 

The Orbit Mans is not like Mercury and Venus; for he of- 
F Mars ten comes in Oppoſition to the Sun, and appears to 
iacludes the riſe in the Eaſt, when the Sun ſets in the e; and 
T2 with- therefore his Orbit includes the Earth -within it, and 
Ehevviſe not only the Earth, but it neceſſarily includes the 
the Earth. Sun likewiſe; for Mars, when he is ſeen near the 
Conjunction with the Sun, if he were between the 

Sun and Earth, would either quite diſappear, or ap- 

pear horned in the ſame Shape that Venus and the 

Moon have in that Poſition; but he always preſerves 

a full, round, and ſhining Face, except near his 
Quadrat Aſpect, that is, when there is about a fourth 

Part of the Heavens between the Sun and him; then 

he is obſerved to be ſomewhat gibbous like the Moon, 


- * ” # 4 - 


three or four Days before or after the Full. 2 
n it. £7 LET 8 repreſent the Sun, 'T the Earth, and the 
: Circle MN PR the Orbit of Mars; it is plain 
that Mars, in both M and P, muſt ſhine with a 
full Face upon the Inhabitants of the Earth, becauſe 


Fd that in both theſe Poſitions his Face, which is to- 


wards the Sun, and by it illuminated, is likewiſe to - 
wards the Earth: But in N and R, he will appear 
a little gibbous or deficient from Full. Beſides, 
Mars, when he is ſeen in Oppoſition to the Sun, 
looks | almoſt ſeyen times larger in Diameter, than 
when he is near to a Conjunction with bim; and 
1 5 bs therefore 
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therefore he muſt needs be ſeven Times nearer to Lecture 

the Earth in the one Poſition than in the other. From Iv 

hence it is plain, that though the Earth lies within g 

the Orbit of Mars, yet it is not near to the Center 73, Earth 

of his Orbit: But Mars always keeps nearly at the is not in the 

ſame Diſtance from the Sun, and therefore it is Center of 

evident, that it is not the Earth, but the Sun, which —_— a 

Mars reſpects as the Center of his Motions,: For Mars 

ſeen from the Earth appears to move very unequally, 

ſometimes to go faſter, ſometimes ſlower; ſome- 

times he ſcarcely ſeems to move at all, and ſome- 

times he even goes with a backward Motion; where- 

as a Spectator in the Sun would always ſee Mars go 

forward in the ſame uniform "Tenor : And therefore 

it is moſt evident that the Sun is the Center, and 

not the Earth, of /Jarss Motion. Again, ſince the 

ſame Appearances are obſerved in Jupiter and Saturn, 

as in Mars, (though the Diſproportion or Difference 

of the Diſtances is not fo great in Jupiter, as in Mars; 

nor ſo great in Saturn as it is in Jupiter) and the 3% ſame 

Motions of theſe two Planets are no Ways uniform Appearan- 

round the Earth; yet from the Sun their Motions <5 9 Jupi- 

will be ſeen to be regular and orderly : It is plain from 8 os 

hence, that the Sun and not the Earth, is in the Cen- 

ter of all the Orbits of the Planets. The Place of 

the Earth we have demonſtrated to be without the 

Orbits of Mercury and Venus, and within the Orbit of 

Mars; and therefore its Place muſt needs be between 

the Orbits of Venus and Mars: And from thence it 

follows, that the Earth itſelf, muſt turn round the 

Sun; for if it ſtood ſtill, ſince it lies within the Or- The Barth 
bits of the ſuperior Planets, Mars, Fupiter, and Saturn, ſrt oh 

we might indeed obſerve the Motions of thoſe Pla- an Orbit 

nets from the Earth, to be very unequal and irregu- round the 

lar; but they would never appear to ſtand ſtill, or to Sun. 

go backward, fo long as the Orbits themſelves are qui- 

eſcent, as we demonſtrated in our firſt Lecture. 

Since therefore the Stations and Retrogradations of 

theſe Planets are obſerved from the Earth; and ſince 
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Lecture the Poſition of the Earth, or Place that it obtains 
IV. in the Syſtem, is in the Middle of the moveable Bo- 
| pm Ges, having Mercury and Venus on one Side nearer 
| to the Sun, and Mars, Jupiter, and Saturn, on the 
other Side more remote; it being of the ſame Nature 
as they are, muſt likewiſe have the ſame ſort of Mo- 
tions; and as the Earth is in the middle Place be- 
tween Yenus and Mars, ſo its Period likewiſe, in 
6 | which it performs its Courſe round the Sun, is alſo 
i a Mean between the Periods of Venus and Mars, be- 
| ing greater than the one and leſs than the other: For 
1; Fenus deſcribes her Orbit in eight Months ; the Earth 
| 
| 
| 
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in a Year; but Mars takes near two Years to finiſh 
his' Courſe. | | | 
A Demen- THERE is another Demonſtration of the Earth's 
ftrution of Motion, drawn from Phyſical Cauſes, for which we 


1 are indebted to the admirable Diſcoveries of the 
40. 


* 
_ 
os. 


incomparable Sir IS AA NEwToON: He has de- 
monſtrated, that all the Planets gravitate towards 
the Sun: And Obſervations teſtify to us, that either 
the Earth turns round the Sun, or the Sun round 
the Earth, in fuch a Manner as that they deſcribe 
equal Areas in equal Times. But Sir Is A ac has 
demonſtrated, that whenever Bodies turn round each 
other, and regulate their Motions by ſuch Law, the 
one muſt of Neceſlity gravitate to the other ; and 
therefore, if the Sun in its Motion does gravitate 
to the Earth, Action, and Re- action being equal 
and contrary, the Earth muſt likewiſe gravitate 
to the Sun. He has likewiſe demonſtrated, that 
when two Bodies gravitate to one another, without 
directly approaching one another in right Lines, 
they muſt both of them turn round their common 
Center of Gravity. The Sun and Earth therefore 
do both turn round their common Center of Gra- 
vity. But the Sun is ſo great a Body in reſpect of the 
Earth, which is but a Point, as it were, in com- 
pariſon of the Sun, that the Common Center of 
Gravity, of the Earth and Sun, muſt lie * 
: | the 
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the Body of the Sun itſelf, and not far from the Lecture 
Center of the Sun: The Earth therefore turns round IV. 
a Point which is within the Body of the Sun, and — 
therefore turns round the Sun-n. This Argument, 
drawn from Phyſical Cauſes, I take to be unan- 
ſwerable. . Ef 355 
 ComPARING the Periods of the Planets, or 
the Times they take to finiſh their Circulations, with 
their Diſtances from the Sun, we find they ob- 18 
ſerve a wonderful Harmony and Proportion to one 4 worder- 
another; for the nearer that any Planet is to the —_—_— 
Sun, the ſooner does he finiſh his Circulation, an r 
his Motion is the quicker: And in this there is à the Periods 
conſtant and immutable Law, which all the Bodies of the Pla- 
of the Univerſe inviolably obferve in their Circula- . and 
tions; viz. That the Squares of their Periodical Times : = tres co 
are as the Cubes 7. their Diſtances from the Center of their the Sun; 
Orbits, about which they perform their Motions regularly. 
The moſt ſagacious Kepler was the firſt who diſcovered 
this great Law of Nature in all the Primary Planets; 
afterwards the Aſtronomers obſerved, that the Secon- 
dary Planets did likewiſe regulate their Motions by the 
ſame Law; and that in the two Syſtems of Bodies 
revolving about Jupiter and Saturn, this Rule is con- 
ſtantly obſerved, that the Squares of their Periodical 
Times are as the Cubes of their Diſtances from their 
reſpective Primaries. Thus the Moon or Satellite that 
is next to Jupiter, is diſtant from Jupiter's Center 
25 of Jupiters Diameters, and he performs his Pe- 
riod in 42 Hours. The outermoſt Satellite deſcribes 
his Orbit in 402 Hours. Say therefore, as 1764 the 
Square of 42, is to 161, 604, the Square of 402; ſo. 
is 4223 the Cube of 25, to a fourth proportional 
Number, which by the Golden Rule, will be found 
nearly +5822®; out of which Number extract the 
Cube Root, and we have 28 or 124 for the Diſtance 
of the furthermoſt Satellite from Jupiter. Now the 
Obſervations of all Aſtronomers confirm, that this is 
the true Diſtance of _ Satellite from the Center 
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Lecture of Jupiter, and the ſame Thing is to be obſerved 


IV. in all the reſt, as likewiſe in the Satellites of Saturn. 
et: THr Reaſon of this Law was unknown to Kepler, 
for he found it out only by Computation, com- 
paring the Diſtances of 'the Planets with their Pe- 
Sir Iſaae riods. But the Glory of inveſtigating from its pro- 
3 per Cauſe, and demonſtrating the Phyſical Neceſſity 
* of this Law, was reſerved for the Great Sir ISA Ac 
Reaſon and NEWTON, who has demonſtrated that without a 
Cauſe of total Subverſion of the Laws of Nature, no other 
this Har- Rule could take Place in the Circulations of 'the 
** Heavenly Bodies. | | | 
SINCE therefore all A/ronomers do unanimouſly 
agree, that the Law we have above explained, is 
conſtantly obſerved by 14 great Bodies, of which 
there are more than one that turn round a com- 
mon Center, viz. five Primary Planets and nine 
Seeondaries: And ſince the Moon turns round the 
Earth, if the Sun did likewiſe perform his Circuits 
round it, according to this Law of Nature, the 
Moon and Sun ought to regulate their Motions in 
the ſame Manner; and therefore ſince the Moon 
finiſhes her Courſe in 27 Days, and the Sun in 365, 
and the Diſtance of the Moon is known to be about 
60 Semidiameters of the Earth; if we ſay, as 729 the 
Square of 27 is to 133,225 the Square of 365, ſo is 
216, ooo the 3 o - to another, which will be 
347 3,251, the Cube Root thereof being 240, ought 
—— the Diſtance of the Sun — a — 
provided he governed his Motion by the ſame Law 
that all other Bodies do. Now the Afronomers prove, 
3 invincible Reaſons, that the Sun is more than 30 
imes further from the Earth than 340 Semidiame- 
ters of the Zarth; for it cannot well be ſuppoſed fo 
little as 10,000 Semidiameters : According to which 
Diſtance it could not turn round the Earth in leſs 
than 164 Years, if it obſerved the fame Law which 
all other Bodies do, 


Now 


Now it is certain that the Sun does either turn Lecture 
found the Earth, or the Earth round the Sun, once | 
in a Year. But if the Sun ſhould be made to turn 

round the Zarth, the univerſal Law of Nature would 7#4e Sun 
on be violated, the Harmony and Proportion of turned 
the Motions deſtroyed, and a Confuſion and Diſor- und the 
der introduced into the Frame of the Univerſe, But 77» 
if the Earth be made to go round the Sun in the 2 pul. 
Space of a Year, it will then perform its Circula- awould'net 
tion according to the ſame Law which the other Pla- aniverſally 
nets obſerve; and without the leaſt Exception there 

will be a moſt beautiful Order and Hatmony of Mo- 

tions every-where preſerved through the whole Frame 


of Nature. | 
As we diſcover the mutual Relations and Like. De Sun 


neſs of Nature that is in the Planets, in that they 8 
are like our Earth, Opake, Spherical Bodies, which Bodies of 
are illuſtrated and ſhine with the borrowed Light of the ſame 

the Sun, round whom they all circulate, as we have Nature. 

ſaid, with a regular Harmony and Order: So like- 

wiſe the Sun, and all the fixed Stars which ſhine with 

their own native Light, and remain immoveable in 

their Places, are to c confidered as Bodies of the 

ſame Kind and Nature, The Reaſon why our Sum 

appears to us ſo great and bright in Compariſon 

of the Stars, whoſe weaker Lights difappear as ſoon | 
as the Sun begins with his Beams to refreſh and | 
illuſtrate our 3 is, that the Earth, at an | 

immenſe Diſtance from all the reſt of the Stars, = 
keeps near to the San, round whom ſhe always circu- 

lates; for a Spectator placed as near any of them as 

we are to our Sun, would ſee a Body as big and bright 

as the Sun appears to us, and every Way like our 

Sun. A Spectator as far diſtant from our Sun as the 

fixed Stars are from us, would obſerve our Sun as 

ſmall as a Star, and, no doubt, would reckon the | 
Fun as one of them in numbering the Stars. All the 
fixed Stars therefore are Suns, and the Sun differs in 
nothing from a fixed Star. | 5 
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'menſely under which the whole Diameter of the Earth's Or- 


Lecture ALTHOUGH the Earth is at ſuch a Diſtance from 
IV. the Sun, that if it were to be ſeen from his — It 
would appear no bigger than a Point; yet that Dif- 

| tance is ſo very ſmall in Compariſon of the exceeding 
The Diſ- great Diſtance of the neareſt fixed Star, that if the 
tance of the whole Orbit, in which we have ſaid the Earth moves 
fixed Stars round the Sun, were ſeen from a Star, it would ap- 
* = =_ pear likewiſe no bigger than a Point. For the Angle 
eater bit appears, is ſo very ſmall, that our quickeſt and 
than that of moſt ſharp-ſighted Aftronomers can ſcarcely obſerve 
tbe Earth. jt, They who have been moſt diligent in obſerv- 
| ing this Angle, (which they call the Parallax of 
the great Orbit, that is, of the Orbit in which the 

Earth moves) have always found it to be leſs than a 

Minute; and therefore the fixed Stars muſt be at leaſt 

10,000 Times further from us, than we are from the 

Sun. - 

HENCE it follows, that though the Earth ap- 
proaches nearer to ſome fixed Stars at one Time of 

the Year, than it does at the oppoſite Time, and 

that by the whole Interval of the Diameter of its Or- 

bit, the Stars will not upon that Account ſeem bigger 

when it is neareſt to them, nor will the viſible Poſi- 
tion of any two Stars be ſenſibly changed by the Mo- 
tion of the Earth, For even here on Earth, if there 

be two Towers that are near to one another, if they 

are to be ſeen by a Spectator who is ten Miles diftant 

from each, if this Spectator approach nearer to them 

only by one Pace, which is the ten thouſandth Part 

of the Diſtance, he only approaching by ſo ſmall a 
Space, can no Ways perceive the Towers bigger, or 

their Diſtance from one another greater. After the 

ſame Manner the Earth approaching a fixed Star, 

and coming nearer to it by the ten thouſandth Part 

of the Diſtance between the Earth and it, a Spectator 

on the Earth, upon the Account of fo ſmall a 
Change of Place, will not find thereby any ſenſible 

+5; pang either of the Magnitude or Poſition of the 

tar.” | 
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are, he would be ſeen under an Angle of but the thou- ne 


EEA 37 

"HENCE it follows, that if the Sun were as far diſ- Lecture 
tant from us as the Stars are, that is 10,000 Semidia- IV. 
meters of the Earth's Orbit, it would appear 10, _ , 
Times leſs, or under a ſmaller Angle than it does 
now. Now the Angle under which the Sun appears 
to us, is about half a Degree or 30 Minutes; if the 
Sun were removed as far from us as the fixed Stars The Angle 


ſandth Part of the three Minutes; that is, under an _— _—_ 
Angle no bigger than ten Thirds, which is altogether 8 
imperceptible; and no bigger would the Angle be fm a fix- 
under which a Spectator placed among the fixed Stars ed Star. 


would obſerve the Sus. | 
AGAINST this Poſition of ours ſome may ob- Objection. 

ject, that if the Diſtance of the Stars be ſo great, 

they themſelves muſt be vaſtly larger than our Sun; 

for they cannot, according to them, be leſs than a 

Sphere, whoſe Semidiameter equals the Diſtance be- 

tween the dun and us; for they aflert, that the Stars, 

at leaſt thoſe of the firſt Magnitude, are ſeen under 

an Angle at leaſt of one Minute: But the Orbit ß 

the Earth ſeen from the fixed Stars does not ſubtend | 

a greater Angle; and therefore the Diameter of the 7 

Stars is not leſs than the Diameter of the Earth's Or- 

bit. Now that Sphere, whoſe Semidiameter equals 

the Diſtance between the Sun and Earth, is a Mil- | 

lion of Times greater than the Sun; conſequently 


— 
— 


the fixed Stars mult be at leaſt a Million of Times 


greater than our Sun: Since therefore there is ſuch 


enormous Difference in their Bignefs, it cannot be | 9 
ſuppoſed that the Sun and fixed Stars are Bodies of the 
{ame Kind. | | 
Bur they who aſciibe ſuch immenſe Magni- e fxed 
tude to the fixed Stars, are much deceived in their Stars have 
Meaſures; for their apparent Diameters are not 79 @fþa- 
near ſo great as they ſuppoſe them to be: For really wah, el 
theſe Diameters are ſo extremely ſmall, that if they % 73, 
be rightly obſerved, they appear like fo many ſhin- Pointe; | 
ing Points without any Breadth or Diameter at all ; | 4 
and there can be no Obſeryations nice enough by 


D 3 whic 
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Lecture which the Minuteneſs of their Diameters can be 
IV. meaſured, or reduced to any determined Quan- 
8 , tity, We obſerve about all- flaming and ſhining Bo- 
dies in the Night, a Kind of Irradiation or luminous 
Appearance, by which their Diameters are ſeen a 
hundred or many more Times bigger than they are; 

as it is plain by the Experiment of a Candle placed 

at a great Diſtance, whoſe Flame ſeems to be much 

larger than it is when we come near it. This Irra- 

diation is much diminiſhed, if they are looked at 

through a ſmall Hole made with a Pin in Paper; 

but is eaſier and more nicely taken away, when they 

are ſeen through a Teleſcope, which deſtroys the 
adventitious Rays, and ſhews us the fixed Stars as 

o many lucid Points. Now though Teleſcopes do 

increaſe the Piameters of Bodies very much, yet the 

fixed Stars ſeen through them appear ſtill ſo ſmall, 

; that we have no Meaſure of any determined Mag- 
nitude, but what is greater than theirs ſeem to be; 

2 a Teleſcope magnifying a hundred Times, ſhews them 
evbich i only like Mining Points; and therefore I cannot but 
demonſtra- wonder why Ricciolus ſhould ſuppoſe the apparent 
Zed by the Diameter of the Dog- Star or Sirius to be 18 Seconds; 
Teleſcope. for if that were the Angle he ſubtended to the 
naked Eye, a Teleſcope which magnifies 200 Times, 

would ſhew that Star under an Angle of 3600 Se- 

conds or one Degree, ſo that he would appear to 

have a Diſk four Times greater than the Sun and 

Moon have. And yet Obſervation teſtifies, that 

ſuch a Teleſcope ſhews us Sirius no bigger than a 

Point, at leaſt not larger than the Planet Mars; 

But Mars when he is neareſt us and biggeſt, ſub- 

tends an Angle of about 30 Seconds; therefore, if 

the Diameter of Sirius magnified 200 Times, is but 

30 Seconds, its apparent Diameter without magnify- 

ing will be the 200th Part of 30 Seconds, or of a 
Second, that is, nine third Scruples or Minutes, or 

nearly equal to the Sun when it is ſeen at the Diſ- 

tance of the fixed Stars, as we ſhewed before: The 

Sun thezefore and Sirius are nearly of the ſame Mag- 

| | nitude 
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LECTURES. 39 
nitude and Dimenſions, and may be eſteemed Bodies Lecture 
of the ſame Kind: | MW. 

SINCE the fixed Stars appear ſo ſmall, and ſub- Lv 
tend at the Eye ſuch unperceivable Angles, fome 
will wonder how they come to be at all ſeen, ſince 

there are Bodies which would ſhew themſelves under 
larger Angles, that are yet fo ſmall as not to be 
looked at without a Microfcope : But all flaming | 
and fiery Bodies can be ſeen at great Diſtances, 

even at ſuch from whence other Bodies, which 
have as large apparent Diameters, do quite dif- 
appear, and become inviſible. Thus, the Flame of 
a Candle in the Night-time is eafily perceived at the 
Diſtance of two Miles, whereas in the Day-time an 
opake Object, though ſtrongly illuſtrated by. the Sur, 
and fix Times bigger than the Flame of a Candle, 
is not to be obſerved by the naked Eye at that Diſ- 
tance. For the native Light that theſe fiery and flam- 
ing Bodies ſend forth, is ſtronger and more piercing, 
and acts upon the nervous Fibres of the Retina a 
a greater Force, than the Light reflected from 
the opake Objects; for all light is much weakened 
by Reflection. And it is upon the Account of this 
briſk and ſtrong Light which flows from fiery | 
Bodies, and which makes fo ſenſible Impreſſions on . N 
the Retina, that ſuch Bodies are judged to be fo big #i 
1 of others which affect us with a weaker | 

ight. | 5 | | | 

| ENCE it is evident, that all theſe Stars which The fixed | 
remain immoveable in the Heavens, are Bodies of Stars are | 

2 fiery Nature, as our Sun is, nor are they much 5 3 

leſs, nor much bigger than he is, and therefore ie 

are to be eſteemed as ſo many Suns. It is not to be 

imagined, that all theſe Sus are planted in one con- 

cave Surface of a Sphere, ſo as to be all equally diſtant | 

from us; but it is more reaſonable to ſuppoſe that 

they are ſpread. every where through the vaſt indefi. 

nite Space of the Univerſe, and that they are at great | 

Diſtances from one another; ſo that there may be ag fixed -Y 

as great Diſtance berween any two Suns that are 33 

1 ; D 4 next 
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ASTRONOMICAL 


Lecture next to one another, as there is between our Sun and 


IV. 


* - 
.. 


#+ Idea of 
the Uni- 


worſe. 


the neareſt fixed Star. Hence a Spectator, who is 
near any one Sun, will only look upon him to whom 


he is neareſt as a real Sun, and the reſt he will conſider 


as ſo many ſmall ſhining Stars fixed in his Heaven or 
Fim... 8 58 
I x is no Ways probable, that Gop Almighty, 
who always acts with infinite Wiſdom, and does no- 
thing in vain, ſhould create ſo many Suns, and place 
them alone in indefinite Space, at ſuch great Diſ- 
tances from each other, and not have made other 


- Bodies, which he has placed near them, to be nou- 


riſhed, animated, and refreſhed with the Heat and 


Light of theſe Suns Thoſe who affirm, that GOD 
created theſe great Bodies only to give us a ſmall 


dim Light, muſt have a very mean Opinion of the 
Divine Wiſdom. It is more reaſonable to fuppoſe, 
that every Sun is ſurrounded with a Company of 
Planets peculiar to himſelf, which in different Pe- 


riods, and at different Diſtances, perform their Cir- 
| culations round their proper Sun; and who knows 
but that ſome of thefe Planets may have Moons 
* and other Bodies, to attend them in their Circula- 


tions? 


magnificent Idea or Notion of the vaſtneſs or Am- 


plitude of the World, by imagining an indefinitely 


great Space of the Univerſe, in which there are 


placed innumerable Sunt, which, though they appear 


to us like ſo many ſmall Stars, yet are Bodies which 
are not behind our Sun either in Bigneſs, Light, 
or Glory; and each of them conſtantly attended 
with a 
and conſtitute ſo many particular Worlds or Syſtems; 


Every Sun doing the ſame. Office to his proper Planets 


in illuſtrating, warming, and cheriſhing them, 


belong. 
Hence we are to conſider the whole Univerſe 
a8 a glorious Palace for an infinitely Great and every 


| wher 
2 


* 


Hence we may frame to ourſelves an admirable | 


umber of Planets, which dance round him, 


that our Sun performs in the Syſtem to which we 
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- LECTURES: 4t 
where preſent Go p; and that all the Worlds or 
Syſtem of Worlds, are as ſo many Theatres, in which 


he diſplays his divine Power, Wiſdom and Good- 
« neſs. / : | 


LECT UCREEY: 


Of the Solar Spots. Of the Rotation of the 
Sun and Planets round their Axes: And 


of the fixed Stars, ER 


#PON the Account of the great Diſtance Lecture 
: 1 of the Sun from us, the Convexity of his V. 
| . 


be . nor is this a Wonder, ſincs the Mon, The Con- 
which is much nearer to us, cannot be ſeen as a glo- vexity of 
bular Body: But both Sun and Man ſhew them- r- 
ſelves to us, as if they were circular Planes, which anner og 
we call Diſks: And a Point in the Middle, which is perceived 
really in the Surface, is ſaid to be the Center, or the &y our 
Apparent Center of the Diſk. _ 8 Hes. 

Ir the Sun, through all its Parts were every- where 
equally bright, and ſhined with the ſame Luſtre, he 
might turn round his own Axis, and that Rotation 
no Ways be perceptible, nor to be diſcovered by our 
Senſes. But ſince in the moſt clear and lucid Body 
of the Sun, and in its pureſt Flame, many black 
Spots have ſeveral Times been obſerved, it is by their 
Motion that we diſcover the Rotation of the Sun par gor 
round its Axis: For theſe Spots have been obſerved 5 — 
to have firſt appeared near the Margin of the Sun, Body. 
and then by Degrees to have crept towards the Mid- 
dle, or Center of his Diſk; and from thence going 
{till forward, have arrived at the oppoſite Side or 
Edge of the Diſk, where they have ſet or diſappeared ; | 


and 


— 


Body cannot be perceived by our Sight; PET | 


42 ASTRONOMICAL 
Lecture and ſome of them after ſetting, being hid or abſcond- 


V. ed in the oppohte Side of the dus for the Space of 
about fourteen Days, have again appeared in the Mar. 


gin, and ſhewed themſelves, taking the ſame Courſe 


Plate II. as before, Let the Circle AG HD repreſent the 
Fig. . Fun's Diſk; we often obſerye ſame denſe and obſcure 


Subftances, like our thick and terreſtrial Clouds, to 


appear in the Limb or Edge at A, which by De 
move towards B, and at laſt arrive at the Middle of 
the Diſk ; after which, till going forward, they 


ſhew themſelves in the oppoſite Point of the Circum- 


ference at Dj; where after a little Stay, they at laſt 
vaniſh and diſappear, . 

Some Spots SOME of theſe Spots have been qbſerved to riſe in 

riſe and the Limb, and having traverſed the Diſk, and ſet, 

fet, 2 after the Space of twenty-ſeyen Days, have again 

: Bas ew 4. been ſeen to riſe where they firſt appeared; and the 

gain where Time they take to move through the Surface of the 

they firfi Sun oppoſite to us, during which Time they are in- 

appeared. viſible, is juſt and equal to the Time in which they 

| paſs over the viſible Diſk. The Motion of theſe Spots 

in the Margin, at A or at D, ap to be flow; 

when they come towards the Middle they ſeem to 

move quicker, and to deſeribe larger Spaces: Their 

Figures likewiſe- change ; for in the Limb they are 

ſeen more contracted and narrow, near the Center 


The Sun they look broader and larger; theſe. Appearances 


"1 xr a exactly anſwer to the Motion of ſome denſe and dark 
Bodies, which ſwim upon the Surface of the Sun, 
and are whirled by the vertiginous Motion of the Sun 
round his Axis. | | | 
SOME have imagined, that theſe Spots. do not 
ſtick upon the Body of the Sun, but that they are at 
ſome Diſtance from him, and that'they perform their 
Circulations round the Sur in the fame Manner 
as Fwpiter's Satellites circulate round Jupiter. But 
ſuch are eaſily refuted; for if the Spots were not 
on the Body of the Sun, but made their Circuits at 
a Diſtance from him, they could not be ſeen half 
the Time of their Period in the Body of the _ 
| | for 
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for ſuppoſe the Sun in A be ſeen from the Earth at Lecture 
B, under the Angle of 30 Minutes: If the Spot V., 
were not on the Sun's Body, but deſcribed the Cir- 

cle F E G at ſome Diſtance from him; it could not Plate _ 
be obſerved to paſs under the Sun, till it came to E, Fig. 3. 
where the right Line BD, touching the Diſk, does 
cut the Orbit; and if we draw another Tangent to 

the Niſk B G C, it would only be ſeen on the , Spots 
Surface of the Sun, while it deſcribed the Arch EG, are on the 
which is much leſs than half the Periphery, and is Surface of 


| deſcribed in much leſs Time than half the Period in e Sun. 


which the Spot performs its Circuit, Now we know 
by Obſervation, that thoſe Spots which finiſh an en- 
tire Circulation (for ſome of them have been obſerved 
to make four or five complete Revolutions before 
they were diſſolved, each of which was 27 Days) 
have taken 133 Days from the Time of their ap- 
earing, or rifing on the Eaſtern Limb, to their 
betting on the YYftern: And therefore, ſince the 


Spots are ſeen for half the Time of their Period upon 


the Body of the Sun, it is plain their Orbits muſt lie 

on the Sun's Surface, | | 
M any Spots ſeem to be generated in the very Spots gene- 

Middle of the Diſk, where they firſt begin to appear: — 1 — 

Others again ſeem to be diſſolved, and to vaniſh 22 


| Sun, and 
there; ſometimes ſeveral ſmall ones gather together a0 are 


and make a large Spot; and ſometimes a large Spot there diſ- 


is ſeen to be divided, and cut into many leſſer ones. /o{ved or 
The great Italian Philoſopher Galileus firſt diſcovered diffpated. 


them with his Teleſcope. Afterwards Schernerus did 


more accurately obſerve them, who has publiſhed a 

large Volume about them. When he obſerved them 

there were then 50 viſible in the Sun: From the Year 

1650 to the Year 1670, there were rarely ſeen above 

one or two together ; from that Time again many 

have been obſerved together; nor does there ſeem to 

be any certain Period of Time, or Law for their ap- 

pearing, and Vaniſhing or Diſſolution. | | 

 HisToRIaNs tell us, that the Sun has been The Sun 

obſerved for a whole Year to have appeared pale, Jr. ſome- 
| without 9?” 


4 ASTRONOMICAL 


Lecture without that Luſtre and Brightneſs it uſually gives; 
V and that it hath not imparted its Heat and Light 
Vith the ſame Force and Vigour that it ordinarily 
peared pale does. It is probable, that this Weakneſs of Light 
for @ Year did ariſe from. a great Multitude of Spots which 
together. at that Time did beſet the Sun, and covered a large 
Portion of his. Surface: For now we frequently ob- 

| ferve Spots which are larger or broader, not only 

18 than Europe or Africt, but what even equal, if they 


F 


Globe. | 

THe Motion of the Spots is from the Ve 
to the Ea, and by obſerving the Sun nicely, we 
find that its Axis is not perpendicular to the Plane of 
the Earth's Orbit, which is called the Plane of the 
The Axis Ecliptick But it is inclined ſo as to make an An- 
7 the Sun ple with the Axis of the Orbit, or with a Perpen- 
11 Solar to the Plane of the Orbit which paſſes 
Plane of the through the Center of the San, which Angle is in 
Ecliptick. Quantity about ſeven Degrees: And therefore the 
Equator of the Sun, that is to ſay, the Circle 
which is the Middle between the two Poles, cuts 
- the Plane of the Orbit in a right Line, which Line 
produced will interſe& the Orbit in two Points; 
and whenever the Earth comes to theſe two Inter- 
ſections, the Tracts which the Spots deſcribe will 
appear as right Lines, ſince the Eye of the Spec- 
tator is in the Plane of their Motion: But in all 
other Poſitions of the Earth, the Plane of the Sur's 
Amquator is either above or below the Eye of the 
Spectator, and the Lines in which the Spots are 
ſeen to move, appear crooked, and ſeem to be El- 

lipfes. ; | 
SINCE the moſt bright Body of the Sun is not 
without its Spots and Blemiſhes, we are not to 
imagine that the Planets are clear, and without their 
Stains and Marks, Jupiter, Mars and Venus, when 
1 _ looked at through a Teleſcope, have ſeveral very 
wiſe bade remarkable. ones; and it is by their Motions, that 
Spots, we conclude the Rotation of the Planets round _ 
c 


do not exceed, the Surface of the whole Terraqueous 
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Axes, after the ſame Manner, and by the ſame Argu- Lecture 
ment, that we proved the Rotation of the Sun. The V. 
Body of Venus performs its Revolution round its 
Axis in the Space of 23 Hours. Mars finiſhes his They turn 
Rotation in 24 Hours and 40 Minutes, The Earth round their 
in a Day, which we collect from the apparent Re- Axes. 
volution of the Heavens, and of all the Stars round 
it in that Time. All theſe Bodies in their Rotations 
go the ſame Way from the Jeſt to the Eaſt. 
ſuP1TER, beſides Abundance of Spots, has ſome Jupiter's 
Bands or - Girdles which ſurround him ; they wee alk. 
paralle] to one another, but they neither preſerve the 
ſame Magnitude nor Diſtance; but ſometimes they 
increaſe, ſometimes they diminiſh their Breadth; 
ſometimes they approach each other, ſometimes they 
recede from one another, and undergo ſeveral 
Changes. In the Year 1665, M. Caſſini diſcovered 
a very large Spot in Fupiter's Diſk, which he ob- 
ſerved continually for the Space of two Vears, and 
determined accurately its Figure and Poſition in re- 
ſpect to his Girdles; but this Spot vaniſhed in the 93, 
Year 1677, and was not again ſeen till the Year Changes be 
1679: Afterwards, for the Space of almoſt three ander guet. 
Years, it continually ſhewed itſelf, and then by De- 
grees withdrew itſelf from our Sight, and has fince 
ſeveral Times appeared and diſappeared. In a Word, 
from the Year 1665, when it was firſt obſerved, to 
the Year 1708, it has eight Times appeared and 
vaniſhed, By its Revolutions we conclude, that the 
Body of Jupiter moves round his Axis in the Compaſs 
of 9 Hours and 56 Minutes. 
is probable that our Earth enjoys a more con- 
{tant and ſettied State and Condition than Jupiter; 
for we obſerve greater Changes in his Surface, than 
what would happen to the Earth, if the Ocean ſhould 
leave its Place, and overwhelm the Land, and pive 
us a new Place, and a new Figure of the Sea, by 
changing the Places of Land and Water. But this is 
upon Suppoſition that theſe Spots are inherent in the 
Body of Jupiter : But if they are only Clouds and 
5 | Vapours 


* 
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| Vapours ſwimming in his Atmoſphere, then indeed the 

V. Inhabitants of Jupiter would have a more conſtant 

and permanent State of Weather, than what any Part 

of the Earth enjoys : I leave it to the 9 ers to 

determine which of theſe two Opinions is the moſt 
probable. 

MEREURY does always keep ſo near the Sun, 

with ſo great a ſhining Luſtre in all its Parts; and 

the Heaven, while he is ſeen, is ſo much illumi- 

nated, that there can be no Obſervations made to 

diſcover his Spots. And Saturz is ſo much further 

removed from us, more than the other Planets, that 

his Spots are not to be. diſcerned : Yet it is probable 

that they, as well as the other Planets, have each a 

Rotation round an Axis, that all the Parts of their 

Surfaces may frequently have imparted to them the 

Light and cheriſhing Heat of the Sum, and may again 

be withdrawn from him, to receive ſuch Changes as 

are- proper and conyenient for the Nature of each 
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LECTURE VL 


Of the Magnitude and Order of the fixed 

Stars. Of he Conſtellations. Catalogues 
of the Stars, and the Changes to which + 
they are liable. "KF 


X27 HL fixed Stars appear to be of different 

"os „. Bg not becauſe they really are 7 * 
F T Ja ſo, but becauſe * are not all equally 3 
N At diſtant from us. Thoſe that are neareſt 
will excel in Luſtre and Bigneſs; the 

more remote Stars will give a fainter Light, and 

appear ſmaller to the Eye. Hence ariſe the Di- 

ſtribution of Stars, according to their Order and 


Dignity, into Claſſes; the firſt Claſs containing thoſe 23. Pi. * 
which are neareſt to us, are called Stars of the tinchion of | 1 


firſt Magnitude ; thoſe that are next to them are Stars Stars ac- 

of ine ſecond Magnitude: The third Claſs com- fl A 

prehends them of the third Magnitude, and fo forth, 23 wg 
till we come to the Stars of the fixth Magnitude, 

which comprehends the ſmalleſt Stars that can 

be diſcerned with the bare Eye. For all the other 3 2 
Stars, which are only ſeen by the Help of a Tele- 

ſcope, and which are called Teleſcopial, are not 

reckoned among theſe fix Orders. Although the 

Diſtinction of Stars into ſix Degrees of Magnitude 

is commonly received by Aſtronomers; yet we are 

not to judge, that every particular Star is exactly 

to be ranked according to a certain Bigneſs, which 

is one of the Six; but rather in reality there are 

almoſt as many Orders of Stars, as there are Stars, 

few of them being exactly of the ſame Bigneſs 

and Luſtre. And even among thoſe Stars Which 


are 
2 


8 ASTRONOMICAL 
Lecture are reckoned of the brighteſt Claſs, there appear 
VI. a variety of Magnitude; for Sirius or Arcturus are 


| each of them brighter than Aldebaran or the Bulls 


. Eye, or even than the Star in Spica; and yet all 
theſe Stars are reckoned among the Stars of the 
firſt Order: And there are ſome Stars of ſuch an 
intermedial Order, that the Aſtronomers have differed 
in claſling of them; ſome putting the ſame Stars 
in one Glass, others in another. For Example: 
The little Dog was by Tycho placed among the 
Stars of the ſecond Magnitude, which Ptolemy rec- 
koned among the Stars of the firſt Claſs : And there- 
fore it is not truly either of the firſt or ſecond 


Order, but ought to be ranked in a Place between 
both, | 


ASTRONOMERS not only mark out the Stars, 
but that they may better bring them into Order, 
they diſtinguiſh them by their Situation and Poſi- 
tion in reſpect to each other; and therefore they 

The Con- diſtribute and divide them into Afterifms or Con- 

ſtellations. tellations, allowing ſeveral Stars to make up one 

Conſtellation. A Conſtellation is a Syſtem of ſeveral 
Stars that are ſeen in the Heavens near to one an- 
other: And for the better diſtinguiſhing and ob- 


ſerving them, they reduce the ar: to the 


Forms of certain Animals, as Men, Bulls, and Bears, 

&c. or to the Image of the ſome Things known, as 

of a Crown, a Harp, a Balance, &c., The Ancients 

took theſe Figures from the Fables of their Religion : 

And the modern Aftronomers do ſtill retain them, that 

they may avoid the Confuſion which would ariſe by 

making new ones, which would much perplex them, 

when they compared the modern Obſervations with 
e 0 

EF WA HE Diviſion of the Stars by Images and Fi- 

—_— gures is of great Antiquity, and | Nag - be as old 

as Aſtronomy or Philoſophy itſelf; For in the moſt 

ancient Book of 7, Orion, Arfurus, and the 

Pleiades, are mentioned; and we meet with the 

Names of many of the Conſtellations in the Writings 


of 


9 — 
I fx 
88 


2 


VVV 


WWA rA 0 


of the firſt Poets, Homer and Heſod. For it was Lecture 
neceſſary for the Advancement of Aſtronomy ſo to VI. 
diſtinguiſh the Stars, and to bring them into ſome mat 
Order. | | 85 
Sick the Diſtance of the Stars is immenſely e ſame 
great, it is no Matter in what Place of our Syſtem Face of the 
the Obſerver reſides, whether in the Sun, in the Starry Fir- 
Earth, or even in Saturn, the outermoſt of all the os 1 
Planets; for Spectators in each of thoſe Places will n all the 
ſee the ſame Face of the Heavens, the ſame. Stars, Planets. 
with the ſame Magnitude, | and the ſame Figure 
of the Conſtellations; and the Heavens which ſur- 
round and involve them all, will have the ſame 
I | | 5 
ASTRONOMERS divide the Starry Firmament into The Regi- 
three Regions, the middle of which comprehends 9s f the 
thoſe Stars which have their Situation near the Planes. 
of the Orbits in which the Planets move; this Part 
of Heaven they call the Zodzack, becauſe the Con- 
ſtellations there placed, ſeemed for the moſt Part to 
repreſent ſome Animal or living Creature. In this 
Space the Planets are always to be feen, and none of 
them ever tranſgreſs their Bounds : Upon each Side of 
this Zone lie the other two Regions of the Heavens, 
one of which is called the North; and the other, the | 
South Part of the Heavens. | | i 
Tak Ancients divided the viſible Firmament 73, nage | 
into XL VIII. Images, twelve of which filled the noted by the | 
Zodiack, and they give their Names to the twelve Auacients, 
Signs, or the Portions into which it is divided, e 48. 
Their Names are the Ram, the Bull, the Twins, the 
Crab, the Lion, the Virgin, the Balance, the Scor- 
772 the Archer, the Goat, the Water-Bearer, and the 
Heß. i | 
In the Northern Region there are XXI. Images 
vz. the Leſſer Bear, the Great Bear, the Dragon, 
Cepheus, Bootes, the Northern Crown, Hercules, the 
Harp, the Swan, Caſſiopeia, Perſeus, Andromeda, the 
Triangle, Auriga, Pegaſus, or the Flying-Horſe, Equu- 
leus, the Dolphin, the Arrow, the Eagle, Serpenta- 
Ea ' ; THUS, 
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50 ASTRONOMICAL 
1 ecture rius, and the Serpent: Afterwards they added to them 
VI. two others, v:z. that of Antinous, which was made 
oſ che Stars that are not included within any Image, 
and are near the Eagle: And the Conſtellation calſed 
Berenices Hair, conſiſting of Stars which are near the 
Lisn's Tail. 4&0 | I o 
Urod the Sauth Side of the Zodiack there are fif- 
teen Afteriſms, which were known to the Ancients, 
diz. the Whale, the River Eridanus, the Hare, Orion, 
the Great Dog, the Leſſer Dog, the Ship Argo, Hydra, 
the Cup, the Crow, the Centaur, the Wolf, the Altar, 
the Southern Crown, and the Southern Fiſh + To theſe 
are lately added XII more Conſtellations, which are 
not to be ſeen by us who inhabit the Northern Ne- 
gions, becauſe. of the Convexity of the Earibh; but 
in the Southern Parts they are very conſpicuous, Theſe 
are the Phenix, the Crane, the Peacock, the Indian, 
the Bird of Paradiſe, the Southern Triangle, the Fly, 
the Chameleon, the Flying Fiſh, the Toucan, or American 
Gooſe, Hydrus, or Mater Serpent, Xiphias, or the Sword 


7 


The Stars WITHOUT the Compaſs of the Conſtellations or 
without Images, there are ſeveral Stars, which cannot-be re- 
Ferne. duced to any of the Forms mentioned; and theſe are 

called Unformed Stars, out of which fore great Afiro- 
1] nomers have made new Conſtellations, as Charles's 
75 Heart, and Sobieſci's Shield. | 


Wo The Mil- THE Galaxy, or Milly. way, is alſo to be reckoned 
1 Ey way. among the Conſtellations: This is a broad Circle of 
1 . | a whitiſh Hue like M:lk ; in ſome Places it is double, 
150 | but for the moſt Part it conſiſts of a fingle Path, and 
5 des round the whole Heavens, The great Galileus, 
ö j | with his Teleſcope, diſcovered that the Portion of the 


Heavens which this Circle palles through, was every 
6 | where filled with an infinite Multitude of exceeding 
10 mall Stars; which though they cannot, by Reaſon 
| | of their Smallneſs, be ſeen diſtinctly by the naked 
Eye, yet with their Light they all combine to illuſtrate 
that Region of the Heavens where they are, and dif- 
1 fuſe through it a ſhining Whiteneſs, 3 = 

* | Y 


nn 


— 8 


XEKRU TUNZE. zt 
5 1 the Help of Images, the ancient Mfronomert Lecturé 


have been able tö diſtinguiſh and mark out the Sr VI. 


of the Firmament, and with great Care and Induſtry — 
they have digeſted them into Catalogues, which theß 

have delivered down to Poſterity. Theſe Catalogues 

have been much increaſed and corrected by out 

modern Afirommers; and now they not only compre- 

hend the Stars viſible by the naked Eye, but alfo many 

that are not to be obſerved or ſeen without a Tele- 

- . s the Rhodian, about 120 Vears Hippar- 
before the Birth of Cbriſi, was the firſt among the chus Af 


1 


Daring, according to 'P liny, to tndertake p Th ing, G. 
which ſeemed to ſurpaſs the Power of a Divinity; that ts, Stars. 


' Greeks who reduced the Stars into a Catalogue. eee a 
alogue-- 


1 number the Stars for Poſterity, and to reduce them to 


Rule + having eontrived Infiruments hy which he marked 

the Plate and Alagnitudr of euch Star. So that by this 

Meuns we cam echily diſcover, not only whether any of the 

Stars periſh, and others grow up, but alſo whether they 

nove, and what in their Courſe, and alſo if they grow © 

bigger | or wu liſt; by which Means he has given to 

Pofterity the: Poſfefion of the Heavens, if uny of them 

have Subtitty enough to comprebent them. 
HiPPARCHYUs, ffom his own proper Obſerva- 

tions, and thoſe of the ancient Afronomers who lived 

before him, inſerted into his Catalogue 1022 Stars, 

and annexed to each of them their — Longitude 

and Latitude, which they had at that Time. Ptolemy piolemy. 

inlarged Hipparchus's Catalogue only with four Stars, | 

numbering 1026. And after Piolomy, Vlug Beighi,; Ulug 

the Grandſon of the great Tamerlain, obſerved again Beighi 

the Stars, and reduced 1017 of them into a Cata- 7744 bo 

logue. In the 16th Century, and that which fol- bone, _ 

lowed, 4Af#onomy was courted by many Admirers and | 

Suitors ; among whom we may chiefly reckon- Regio- | 

montanus and Cot ernicus. But the noble Daniſb Aſiro- As likewiſe 

nomer Tycho Brabe, in adorning and perfecting this Tycho 

Science, did far ſurpaſs the Labours of all that went Brahe. 

before him; who procured very large and exquiſitely 

4 | E 2 well 
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Lecture well contrived Inſtruments for obſerving the Heavens; 
VI. and particularly he determined the Places of 777 fixed 
E Stars, and reduced them into a Catalogue, their Places 
| being all calculated from his own proper Obſervations. 
Kepler, indeed, in his Rudolphin Tables, gives us a 
Catalogue of the Stars, he calls Tychonich, in which 

he has put down 1163 Stars; but all of them, except 

the 777 obſerved by Tycho, were taken partly from 

Ptolemy, and partly from other Authors. For Tycho 

in his own Catalogue ſets down no Star which he 

had not obſerved himſelf, by his own Inſtruments, 

and calculated the Place from his proper Obſerva- 

7  tiONS, . 7 E +; GH 
The Prince ABOUT the ſame Time with Tycho lived Milliam 
of Heſſe. Prince of Heſſe, who likewiſe obſerved the Stars: He 
had two Mathematicians to. aſſiſt him, Rothmannus and 

Byrgius, with whom, by thirty Years continued La- 

bour, he computed the Places of 400 Stars, all founded 

on their own Obſervations, and inſerted them in a 
Catalogue. e enn 817 
Ricciolus. THE . Jeſuit Ricciolus inriched the Catalogue of 
Kepler with 305 Stars, by which means their Number 

was increaſed to 1468; but this 0 was not 

1 founded on his own Obſervations; for he, and his 
Companion Grimaldi, did not take the Places of above 

101 Stars with their own Inſtruments; and he took 

all the reſt from Tycho, Kepler, and other Authors: 

But it is ſurpriſing, that Rzecrolus ſhould inſert in his 

1 Catalogue ſeveral Stars, which were plainly viſible in 
1 Dychs's Time, and duly obſerved by him, but which 
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is in Ricaolus's Days had vaniſhed, and were not to be 
4 | ſeen; and yet they are preſerved in his Catalogue, as 
i Fr if he himſelf had then obſerved them. LEN.” 

Fir "= __IYBARTISCHU'S, in his Book about the four Foot- 
+ Globe publiſhed at Straſburgh in 1635, in Quarto, 
10 tells us, That Bayerus had deſcribed in his Uranome- 
1 ria, the Places of 1725 Stars; and he alſo boaſts, that 
ft -  -he himſelf had painted in his Globe 1762 Stars, but 
+ be does not tell us by whom or in what Year they 
i were obſerved. . cn OF. 
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others round the Antarctic Pole, taken out of 
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Tus Stars near the Antarctic Pole, not to be ſeen Lecture 
in our Climate, were firſt accurately obſerved by my V I. 
Colleague Dr. Edmund Halley ; who being animated | 
with a great Love of this Siderical Science, undertook Dr. Hal- 
a long and no leſs dangerous Voyage to the Iſland of ley fr ex- 
St. Helena, that he might there take the Poſition of the 2% 0b. 
Stars which are within the Antarctic Circle; and 9 
publiſhed a Catalogue of 373 of them, whoſe Places Stars. 
he adapted to the End of the Year 1677. 

THE illuſtrious John Hevelius of Dantzig, a Man Hevelius. 
of prodigious Induſtry, and unwearied Diligence, 
being well furniſhed with very exact Inſtruments, and 
with all the Tools that are proper for an Aſtronomer, 
did again aſſault the Stars with his Inſtruments, and 
computed the Places of 1553 of them from his own 
proper Obſervations ; and ſo he compoſed © a new 
Catalogue, which contained 1888, viz. 950 known 
to the Ancients, and which were to be ſeen at 
Dantzig ; 603 new ones, which no one before had 
ever rightly obſerved; and to them he joined 335 

r. 


Halles Catalogue, which lie always hid under the 


| Hlorizon of Dantzig. 


Bor the largeſt and moſt complete Catalogue of Mr. Flam- 
the Stars * is ſhortly to be expected from the La- __ 5 
bours of that moſt excellent Obſerver Mr. Fohn py” Sao 
Flamſteed, late Royal Profeſſor of Aftronomy at Green- and mot 
wich ; the Number of Stars inſerted in this Catalogue exa# Ca- 
reach to 3000. And as Hevelius doubled by his Ob- *lague. 
ſervations the Number of Stars obſerved by Tycho: | 
So our Britiſh Aſtronomer has as far outdone Hevelius, 
having, by his Obſervations, doubled the Stars that 
were obſerved by him: We are ſo much indebted to 
this Aſtronomer for the Increaſe of the Knowledge we 
have of the Celęſtial Bodies, that there is not the leaſt 
Star in the Heavens to be ſeen, whoſe Place and Situa- 
tion is not better known, than the Poſition of many 

ke E 3 | | Cities 
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0 This Catalogue was publiſhed Anno 1725. 
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Lecture Cities through which Travellers do daily paſs. Nor 


VL - 


do determine their Places; for without the exact ſet- 


The Num- 
ber of the 
Stars. 


Many stars TME famous Dr. Hook, Profeſſor of. Geometry, in 


is it any Wonder, that the 4/tronemers hould take fa 
much Pains, and. ſo obſtinately watch the fixed Stars, 


tling of their Poſitions and Places, they never could 
have found out the Ways of the Plauets, nor have 


- deſcribed their Orbits: For it is upon the Obſerya- 


tions of the fixed Stars, as upon immoveable Pillars, 
that the whole Science of Mironom is erected, and by 


them it is ſuſtained, | 


Or the 3000 Stars inſerted in Mr. Flam/teed's Ca- 
talogue, there are many that cannot be ſeen without 
a Teleſcope ; ſo that it is ſeldom that even a yery good 
Eye can reckon more than 100 together in the Hea- 
vens: This will certainly ſurpriſe a great many Per- 
ſons; for in the Winter, in a clear Night, without 
Moon- ſpine, at firſt Sight they ſeem. to be innumerable, 
But this Appearance 1s only a Deception of our Sight, 
ariſing from their vehement and ſtrong Twinkling, or 
Scintillation, while we look upon them confuſedly, 
and without reducing them to any Order; but he who. 
will diſtinctly view them, will find not one but what 
are obſerved by the A/tronomers, and inſerted in their 
Catalogues: And if any one will take a Globe of the 
larger Size, and compare it with the Heayens, he 
will rarely find any Star in the Heavens, that is not 
marked upon the Les ab ahat Globe. 

In the mean Time I muſt acknowledge, that the 
Number of the Stars is really vaſtly great, and almoſt. 
infinite; for whoever will view the Stars with a good 
Teleſcope, will find every where a prodigious Num- 
ber of them altogether indiſcernable by che naked Eye, 
eſpecially in the Milky-wa 3 where they are {o thick, 
that though they cannot ſeen ſeparately, yet they 
give that Region of the Heavens, where they are 
placed, a Luſtte above all the reſt. 1 


. . 
* 


impercepti- Greſham-College, directing his twelve- foot Teleſcope 


ble to the 


to the Pleiades or the ſeven Stars, though there are 


nated lde, now only fix to be ſeen with the naked Eye, did, in 
NV that 


IE GAD | ET 
that ſmall Compaſs, count 78 Stars; and making uſe Lecture 
of longer and more perfect Teleſcopes, he diſcovered VI. 
a great many more of very different Magnitudes : See 
his Micrography, page 241. Antonius Maria de Reit, 
in his Book which he calls Radius Sidereomyſticus, page 
197, affirms, that he has numbered in the ſingle Con- 
ſtellation of Orion 2000 Stars. | | 
FROM what we have ſaid in the preceding Lec- 73, Martey 
ture, it plainly appears, how falſe and ill-founded of the Hea- 
were the Notions of the ancient Philoſophers, who VENS is COF- 
having too favourable an Opinion of the Heavenly 72/5 
Regions, granted them fome Privileges without any change- 
reaſonable Ground: For they affirmed, that the Hea- able. 
vens were incapable of any Change, that the Celeſ= 
tial Matter was of a different Kind from any we 
have in our Larth, and that its Firmneſs did far ex- 
ceed that of the moſt durable Diamond; for that is 
ſill corruptible, and may be changed into other 
-Sorts of Matter, and undergo ſeveral Tranſmuta- 
tions; But the Form of the Heavenly Matter, ac- 
' cording to them, is permanent and eternal. We have 
ſeen in the Sun and Planets, that there are frequently 
new Bodies produced and generated; others again 
are corrupted and periſh ; and the Faces of the Pla- 
nets undergo many Changes. "Thoſe Alterations are 
not peculiar to our Earth, or our Planetary Syſ- 
tem; the Principle of Generation and Corruption e fxed 
is much farther diffuſed, it reaches even the moſt Stars liable 
diſtant fixed Stars, and all the Bodies of the Uni- #9 the Prin- 
verſe are under its Dominion; there is nothing but Pie of G6. 
our Mind and our Spiritual Part, that are exempted 4 Cu 
from its Juriſdiction: For the Heavenly Bodies, as ruptior, 
well as the Terreſtrial, are changeable and periſh. 
Several Stars, which were obſerved by the Ancients, 
are now no more to be ſeen, but are deſtroyed; and 
we have known ſome new ones come in the Hea- 
vens unknown to them; which likewiſe in due Time | 
will vaniſh and diſappear, - There are alſo ſome Some Stars 
Stars which for a Time are extinguiſhed, and be- _ 2 
come inviſible, but after a certain Period they re- again ap- 
EK 4 . alſume pear. 
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ASTRONOMICAL 


Lecture aſſume their former Luſtre. Of theſe Stars, the 
VI, moſt remarkable is that which is in the Neck of the 
bal, which for eight or nine Months of the Year 
withdraws itſelf from our Sight, and for the other 

three or four Months is conſtantly changing its 

Luftre and Bigneſs. It is probable, that the greateſt 

Part of the Surface of this Star is covered with Spots 

and dark Bodies, ſome Part thereof remaining lucid ; 

and while it turns about its Axis, does ſometimes 

ſhew its bright Part, ſometimes it turns its dark Side 

to us: But the very Spots themſelves of this Star are 

liable to Changes: for it does not every Year ap- 

pear with the ſame Luſtre; ſometimes” it reſembles 

a Star of the ſecond Magnitude; in other Years it 

can ſcarcely be reckoned among Stars of the third 

Order: Nor are the Times of its viſiting us, always 

of the ſame Duration; for in ſome Years, after three 

Months it takes its Leave of us; in others we enjoy 

its Light for the Space of four Months; nor does its 

Increaſe or Decreaſe always anfwer the Difference of 

Times. 5 | oth i 
 MoREoveR we are aſſured. from the Obſerva- 

tions of A/tronemers, that fome Stars have been ob- 

ſerved which never were before, and for a certain 

| Time they have diſtinguiſhed them by their ſuper- 
New lative Luſtre; but afterwards ade they by 

Stars. Degrees vaniſhed, and were no more to be ſeen. 

One of theſe Stars being firſt ſeen and obſerved by 

Hipparchus, the Chief of the 4fironomers of the An- 

cients, ſet him upon compoſing a Catalogue of the 

xed Stars, that Poſterity might by it learn, whether 

| —_— the Stars periſh, and - others are produced 

AITELNN, | | | 


A neau AFTER ſeveral Ages, another new Star appeared 
* to Tycho, and the Aftronomers that were contempo- 


Cailiopela. rary with him; which juſt like the new Star in 

Hipparchus's Time induced him likewiſe to make a 
nme Catalogue of the fixed Stars. This Star made 
its Appearance in the Conſtellation Caſſiopeia, and 
was firſt obſerved about the Middle of November 
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1572, and never changed its Place all the Time it was 
viſible, | 
but yet by Degrees it diminiſhed, and at laft became 
inviſible. Its Magnitude exceeded that of Syrizs or 
Lyra, which are the brighteit of the fixed Stars, and 


even vied with Venus when ſhe is neareſt to us; So 
that ſometimes it could be feen in fair Day-light or 


which was for the Space of ſixteen Months; 


57 
cture 
VI. 


Sun-ſhine ; but at laſt it continually loſt ſomething 


of its Splendor, till it quite difappeared, and it has 


never been ſeen ſince. Leovicius, from the Hiſtories 
of thoſe Times, tells us, that in the Time of the Em- 


peror Otho, about the Year 945, a new Star appeared 


in Caſſiopeia, juſt ſuch a one as was ſeen in his Time 
in the Year 1572. 


ern Region of the Heavens, near the Conſtellation 
Caſſiopeia, in the Year 1264, an eminently bright Star, 
which kept itſelf in the ſame Place, and had no pro- 
per Motion. It is probable, that theſe two Stars 


might have been the ſame with that which was ſeen by 


Tycho, and that in about 150 
again make its Appearance. 

In the Year 1600, and the following, 
ſerved another new Star in the Swar's Breaſt: 


Years the fame Star may 


And he brings us another ancient 
Obſervation, that there was likewiſe ſeen in the North- 


Kepler ob- Aneau Star 
which 7 the 


remained viſible for many Years; and in Hevelius's Swan's 
Time looked like a Star of the third Magnitude; but Breaſt. 


at laſt became inviſible from the Vear 1660 till the 
Year 1666, when it was again obſerved by Hevelius 
as a Star of the fixth Magnitude, juſt in the ſame 


Place as it was at firſt obſerved in; where it now 


appears. | 

WE are aſſured by the Catalogues of the fixed 
Stars, that many Stars have been obſerved by the 
Ancients, and ſome even by Tycho, which are now 
become inviſible, and particularly in the Pleiades or 


ſeven Stars; there were formerly counted ſeven, but 


now we can reckon but fix; and fo it was in Ovid's 

vor who in his third Book of the Fa/tj, has this 
exle; 

L ſeptem dici, ſex tamen efſe ſolent. - 
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VI. 


ASTRONOMICAL 

TEE celebrated Mr, Montanerę, Profeſſor of Ma. 
thematicks of the Univerſity of Bonanza, in his Letter 
written to the ROYAL SOCIETY, dated April 
30, 1670, has theſe Words: „There are now want. 
<« ing in the Heavens two Stars of the ſecond Magni- 
<6 tude in the Stern of the Ship Argo, and its Yard ;. 
«« Bayerus marked them with the Leters 8 and y. I 
« and others obſerved them in the Year 1664, upon 
cc the Occaſion of the Comet that appeared that 
« Year: When they diſappeared firſt I know not; 
cc only I am ſure, that in the Year 1668, upon the 
& xoth of April, there was not the leaſt Glimpſe of 
t them to be ſeen; and yet the reſt about them, even 
«© of the third and fourth Magnitudes, remained the 
« ſame. I have obſerved many more Changes among 
<< the fixed Stars, even to the Number of a Hundred, 
« though none of them are ſo great as thoſe I have 
<« ſhewed.” | | 

Ir is no ways improbable, that theſe Stars loſt 
their Brightneſs by a prodigious Number of Spotl 
which intirely covered, and, as it were, overwhelmed 
them, In hs diſmal Condition muſt their Planets 


remain, who have nothing but the dim and twinkling | 


Rays of the fixed Stars to enlighten them ? 


TS LECTURE 


2 ↄð»b·· td ee RE Ede: 
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LECTURES. 


8 5 . S TUR E VU, 


Of the Motion of the Earth round the Sun, 


and alſo about her own Axis; ww 


- the Apparent Motion of the Sun and 


Heavens are explained. 


AVING taken a curſo; View of the 
FEEE Univerſe, and 2 thoſe Things 
H which we have diſcovered concerning 
| SA the fixed Stars, we will now: come to 
ER Ek conſider more accurately our own ſolar 

yitem ; for our A/tronomy is chicfly concerned about 
the Motions of the Bodies that are contained in it, 
and about the Appearances or Wr that ariſe 
from thoſe Motions. 

Ax p, firſt, it is reaſonable that we ſhould begin 
from the Motion of the Earth, which is our own Seat 
and Habitation, that is, from our own Motion; ſince 
we are to be the Spectators of all the Appearances j 
which are here to be explained, and particularly, be- 
cauſe from our Motion ariſes the apparent Motion of 


the Sun, which if not firſt known, the Ap 


pearances 
and Motions of the Planets can neither be explained 
nor computed, 


WZE have in the preceding Lectures demonſtrated; 
that the Sun, Which is by or the biggeſt and moſt 


noble. Body of the Univerſe, does poſſeſs himſelf of 


the Center, from whence be every Way diffuſeth 
upon all the Planets. his enlivening s and? 
Warmgh; and that they, as it were, dance round © 
him at different Diſtances and Periods, The Earth N 


Which we inhabit is to be reckoned as one of them, 


who goes round the Sun in the Space of a you 


We are to 
begin with 
the Motion 
of the 
Earth, 


The Sun 
in the Cen 
ter of our 


Earth 
turns round 
the Sun. 
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60 ASTRONOMICAL _ 


Lecturè and at the ſame Time turns round her own Ax:s every 
VII. twenty-four Hours. Now, ſince the Diſtance of the 
Feed Stars. is immenſely great, in Compariſon of the 
The ſame Diſtance of the Earth from the Sun, the ſtarry Fir- 
Order and mament will have the fame Face, and there will be 
Poſition of the ſame Situation, Order, and Magnitude of the 
Fo = Stars, whether they be viewed from the Sun, or from 
the Sun the Earth: But ſince all diſtant Bodies appear as if 
and Earth. they were in the Heavens, a SpeQator in the Sun will 
obſerve the Earth to deſcribe a Circle in the Starry 
Firmament ; and becauſe the Plane of the Earth's 

Orbit paſſes through the Sun, the Circle which the 

Earth deſcribes, will appear to be a great Circle in 

thi Heavens. {gt 2 152 1 

The Motion LET 8 repreſent the Sun, A B C D the Orbit 
of the of the Earth, in which the Earth is carried from the 
Earth ſeen Meſt to the Ea in the Compaſs. of a Year. A 
jr om the Fpectator in S looking upon the Earth at A, will 
Plate III. refer it to the Star Y, as if it were in the ſame 
Fig. 1. Point of Space with the Star But when the Earth 
is brought to B, the Spectator in 8 will ſee the 

Earth in the Heavens juſt by the Star 25 ; when the 

Earth is gone forward to C, it will be ſeen from 

the. Syn: in ; and when it is come to D, it 

will appear in r; and when it is returned to A, 

having finiſhed its Period, it will be ſeen again 

in . | 2 | F 
HEN CZE, if the Plane of the Earth's Orbit be 

imagined extended to the Heavens, as far as the 

fixed Stars, it will cut the ſtarry Firmament, or the 
concave - ſpherical Surface, in which all the Stars 
appear, in that very Circle in which a Spectator in 

ech the Sun would ſee the Earth to revolve every Vear: 
tick a This Circle is ealled the Ecliptich, and divided by the 
its Divi-. Aſtronomers into twelve equal Parts, which are called 
fron into Signs; each of them takes its Name from that Con- 


_ twelve ſtellation, which, at the Time the Names were im- 


te en poſed, was ſituated near the Portion of the Ecliptick 
S. it denominates. Theſe Signs or Portions are the Ram 
, the Bull &, the Twins u, the Crab , the Lyon 
K, the Virgin m, the Balance , the Scorpion m, 

| : | the 
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the Archer 1 7 the Goat , the Water- Bearer = and Le fure 


the Fiſhes Me 72 <P — 1 WAITS ET 

- LET us now bring our Spectator from the Sun , 

to the Earth, and let him be carried by it round 5. Appa- 

the Sun, and let us imagine that the Zerg is in rent Mo- 

C: A Spectator ſees the ſame Face of the Heavens, un of the 

and the very ſame Conſtellations, as we have ſaid ris, 67 | 8 
he did before, while he was in the Sun; the only We : 
Difference will be, that as he before imagined the 
Earth, in the Heavens, and the dn in the Center, 

he will now ſuppoſe the San to be in the Heavens, 

and himſelf with the Earth in the Genter, it being 
really the Center of his own. View. Fherefore the 
Earth being in C, the Spectator will fee the Sun 
along with the Earth, and participating of the an- I 
nual Motion, which is, common to them both, he | | 
will obſerve all the Parts of the Earth, and all the 
Bodies fixed on its Sutface, to keep the ſame Poſi- 
tion in regard to one another, and to his own Eye, 
and always to remain at the ſame Diſtance from him; 
and there he cannot by his Eye, perceive either his 
own Motion, or that of the Harth. But looking to 
the Sun, and obſerving him, when the Earth comes 
to D, he will. ſee the Sim! at the Star , and wil! 
perceive that he has changed his Flace among the 
Stars, and has moved from ; by s, u, to s: 
And while the Earth goes on in its Progreſs, and 
goes to A, the Sun will be ſeen from thence to have 
moved through the Signs s, K, and m: And 
again, while the Earth deſcribes the Semicircle ABC 

the Sun will appear to have moved, in the concave 
Surface of the Heavens, through the ſix ſigns , 

m, , , , N. And therefore an Inhabitant 

of the Earth obſerves the Sun, which is really im- 
moveable, to go through the ſame Circle in the 
Heavens, and in the ſame Space of Time, that a 

ö 8 in the Sun, would ſee the Earth de- 

crive, * | 09947 109 ils of f s 


Hence 
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14S Lecture HEN atiſes the apparent Motion of the Sun, 

VII. by which it is obſerved to creep every Day by lien 
n little towards the Eaftern Stars; fo that if an 

A4tar near the Echptick does at any Time riſe wind | 

ct Sun, after ſome few Days the Sun will be got 

more to the Zaft of the Star, and the Star will rife be-. 
fore the Jun, and will likewiſe ſet before him. So | 
likewiſe a Star which is Eaffevard of the Sun, and is 

ſeen after the Sum ſets, at a conſiderable Diſtance from 

him, in the Space of ſome few Days will ſet with 

the Sun, and will no more be ſeen after the dun goes 

down. This Motion of the Sus, which is contrary 

to the apparent diurnal Revolution of the Heavens 

from Rat to Niet, was eſteemed to be real by the 

Followers of Ptolemy, who maintained, that the Sun 

and al the Stars had two Motions, contrary to one 

another, the one common with the Heavens from 

Ee to 1/3," in the Space of | twenty-four Hours; 

theo other: proper, and peculiar to each, and was 

from the Ma to the a; which Courſe the Sun 

finiſhed in the Space of a Vear. But we have ſhew⸗ 

ed; trat there no ſuch real Motion in the Sun, and 

mat it is only apparent, ariſing from the Motion of 
1 503 mpg min ahnnndo bogs nt 5c 

De Sun T HR Inhabitants of all the other Planets will obs 

zwill have fete juſt ſuch Motions in the San, and for the v 
juſt ſuch fame Reaſons that we do in our Earth - And the Sur 
Mation;, will be ſeen from every Planer, to deſeribe the ſame 
ben it 15 . 24 p ; 

obſerves Circle; and im the ſame Space of Time that a Spee 

from otber tate in the Sum would obſerve the Planet to do. For 

Planets, Example 2 An Inhabitant of Jupiter would think 

wi that the San turns round him, and would fee him de- 

I ſcribe a Circle in the Heavens in the Space of twelve 

It! Years ; that Circle would not be the fame with our 

TH Ecliptick, and the Motion of the Sun would not be 

through the ſame Stars, which he appears to us to 

paſs by. And upon the fame Account the Sun feen 

from Sarurn will appear to move in another Circle, 

diſtin from either of the former, and will not feem: 

8 NO 
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to finiſh his Period in leſs Time than thirty Years, Lecture 


Since therefore it is impoſſible that the Sun can have VII. 
all theſe Motions really in itſelf, and there can be no 
Reaſon ſhewn, why any one of them ſhould belong 

really to the Sun more than the reft, we may ſafely 

affirm, that there are none of them real, but that 

they are all apparent, and ariſe from the Motions of 

the reſpective Planets. 503, Io 55:64. 801 | 

| Bes1DEs this annual Circulation of the Earth, The Cyra- 
it has alſo a vertiginous Motion round its Axis, from tipn of the 
the Weſt to the Haft, in twenty- four Hours: The Earth 


two Points in which the Axis meets with the .Sur- e 3 


face of the Earth, are called the Poles. of the Earth; Tz, Poles, 
and if this Axis be indefinitely produced to the Hea- | 
vens both Ways, it will mark in the Heavens two 
Points, which are called the Poles of the Heavens: 

Every Point on the Surface of the Eartb, except 


the Poles, will deſcribe the Circumference of a Cir- 


cle bigger or leſs, according as it is further diſtant 
or nearer to one of the Poles.  'The Poles are the 
only two Points which have no Verticity : This 
_ follows from the Nature of a vertiginous 


Motion. Any Place on the Surface of the Zart, 


which is equally diſtant from both the Poles de- 

ſcribes by its Rotation a great Circle, which is cal- 

led the Æguator of the Earth, or the ÆAguinoctial The E- 
Circle, and the reſt deſcribed by Points nearer to quator, or 
one of the Poles, are leffer Circles, and are called On 


Parallels, | | and 


Ir we — a Plane to paſs over that Point en 


of the Earth's Surface on which the SpeRator ſtands, 

and to touch the Globe of the Earth there; this 

Plane, extended as far as the Heavens, will divide the 

Heavens into two Parts, and its Section with the 

Heavens will make a Circle, which is called the Ho- The Hori- 
rixon; and it will ſeparate or diftinguiſh the viſible 2on. | 


and open Part of the Heavens, from that which is Plate III. 


inviſible, and which the Opakenefs and CY Fig. 2. 


of the Earth hides from us. This Horizen, which J 


we have deſcribed, is properly the ſenſible Horizon : Rational 


1 The Horizon, 


1 
: 
| 
[ 
' 
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Lecture The Rational Horizon being a diſtinct Circle which 
VII. paſſes through the Center of the Earth, and is parallel 
to the Senſible which touches the Surface. But theſe 
two Circles, though they are diſtant from one an- 
other by the Semidiameter of the Earth, yet in the 
Heavens they may be reckoned as coinciding; for 
that Semidiameter is but a Point, in Compariſon of 
the Diſtance of the Heavens. | 
The Rota- SIN CE” the Earth turns round its Axis, the Spec- 
tion of the | tator, ſtanding on its Surface, muſt likewiſe turn 
. round with it the ſame Way, that is, towards the 
3 Eaſt: and therefore all the Bodies in the Heavens, 
Revolution Which are placed in the Eaft, and were not to be 
of the Hea- ſeen by Reaſon of the Plane of the Horizon was above 
„ them, will become viſible, when by the Rotation 
this Plane ſubſides, and comes under them. 80 
likewiſe the oppoſite Part of this Plane towards the 
Mat, riſing above the Stars, will hide them from the 
Sight of the Spectator, and all the Stars in the ef 
1 become inviſible. Hence it is, the Stars of the 
Eaſtern Side of the Horizon will appear to riſe above 
the Horizon, becauſe the Horizon deſcends below 
them; and the Stars on the Meſtern Side will appear 
to ſet, or go below the Horizon, becauſe the Horizon 
does really get above them. Hence ariſes that appa- 
rent Motion of all the Bodies of the Univerſe that do 
not adhere to the Earth, wherewith the whole ſtarry 
Firmament, and every Point of the Heavens, ſeem 
to revolve about the Earth from Eaſt to Weſt; 
every Point deſcribing a greater or leſſer Circle, as 
it is more remote, or nearer to one of the Celeſtial 
Poles : And theſe Celeſtial Poles, which are made by 
the Production. of the Earth's Axis to the Heavens, 
are the only Points in the Heavens, which appear to 

be immoveable. | 

ALTHOUGH every Place on the Surface of the 
terraqueous Globe, is illuſtrated by all the Stars 
which are above the Horizon of that Place, or 
rather when the Horizon is under the Stars; 
yet the Illumination made by the Sun is fo great, 

Wl 
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Ie 65 
ahd the Reflection of its Light by the Atmoſphere Lecture 
fo ſtrong, that the Sun, When he is above the Ho- VII. 

l 5 . . . ; + 
112m, does with his Preſence quite extinguiſh the | | 
faint Light of the fixed Stars, and produces Day: jphence 
When the Sun withdraws himſelf, and goes below Day-ligbt. 
our Horizon, or, more properly, when our Horizon Y-nce 
gets above the Sun, he then gives Leave to the Stars Nights 
to ſhine and appear, at which Time it is Night. 

Now ſince the Earth is an opake Spherical Body, at 

a great Diſtance, from the San, one Half of it will 
always be illuminated by the Sun, while the other 

Half remains in Darkneſs: And the Circle which The Circle 
diſtinguiſhes the illuminated Face of the Earth from bounding 
the dark Side, is called the Circle of the. Interſec- Light and 
tion of Light and Shadow; a Line drawn from the Darkneſe. 
Center of the Sun, to the Center of the Earth, is 

always perpendicular to the Plane of this Circle, 

Ix the Axis of the Earth had been placed in a 
Poſition perpendicular to the Plane of the Ecliptick, 
then in that Caſe the Plane of the Eurth's Aquator 
had coincided with the Plane of the Ecliptick, or 
the Plane of the Z#arth's Orbit; and the Circle 
bounding Light and Darkneſs would have always 
paſſed through the Poles of the Earth, and cut the 
Aquator and all its Parallels into equal Portions : 

And therefore, in that Caſe, the Sun and all the 
Stars would have remained as long above the Hori- 
zen, as they would have. lain hid under it, and the 
Days would have been conſtantly equal to the Nights, The Axis 
But now as the Caſe is, the Axis of the Earth is not e f 
perpendicular to the Plane of the Ecliptick, but is 5 
inclined to that Plane, and makes with it an An- Acala 20 
gle of 66: Degrees; and therefore the Plane of the he Plane 
Earth's Aquator cannot coincide with the Plane of tb. 
the Ecliptict, but theſe two Planes make with one ano- Felhtick. 
ther an Angle of 23: Degrees. 1031 tay 
IF the Plane of the Earth's Æquator be ima- The Ægui- 
gined to be produced as far as the fixed Stars, it will 4, 
there make a Circle which is called the Celeſtial M Heas | 
Aquinoctial; which is exagly over the Terreſtrial 88 85 
5 F Aqui- 


66 ASTRONOMICAL 
Lecture Equinoctial: The Circle makes with the Ecliptick 
VII. inthe Heavens, an Angle likewiſe of 23: Degrees. 

. Tux Earth in its Revolutien round the Sun does 
The Paral- in ſuch a Manner proceed in its Orbit, that it 
Iliſm of keeps its Axis parallel to itſelf; that is, if a Line 
the Earth's be drawn parallel to the Axis, while it is in any 
Axis. one Poſition, the Axis in all other Poſitions or Paris 
of the Orbit will always be parallel to that ſame 
Line, and it will never change its Direction, but 
always look towards the ſame Point of the Heavens: 
And this will neceſſarily be, if the Earth have no 
other Motion but that round the Sun and the other 
round its own Axis, For ſuppoſe any Body, whoſe 
Center is carried in the Line A B, andin A we 
Plate III. ſhould mark any Diameter CD, which is inclined 
Fig. 3. in any Angle to the Line AB; if this Body have 
no other but a progreſſive Motion in the Line AB, 
when it comes to the Point B, the Diameter C D 
will be in the Situation cd, and its Poſition will be 
parallel to the former Poſition C D: Now if there 
Mould be impreſſed upon this Body a Rotation round 
CD as an Axis, all the Diameters of the Body will 
conſtantly change their Poſition by this Rotation, ex- 
cept the Axis, which will remain in its former State: 
The Points in the Axis being the only Points in the 
Body which have no Rotation. But this Axis as 
was ſhewed, did before the Rotation always preſerve 
a Poſition parallel to itſelf; therefore after the Ro- 
tation is impreſſed upon the Body, the Axis will Mill 
keep parallel to itſelf. | | 
HENEE it is evident, that there is no-Need of 2 
third Motion for the Earth, as ſome have imagined 
it muſt have, to make it keep its Axis parallel to it- 
ſelf : For to this Effect there is nothing more required; 
than that it ſhould have only the former two, with 
which alone it will neceſſarily keep its Axis parallel 
o | . 
SINCE the Plane of the Equator does not coin- 
cide with the Plane of the Ecliptick, theſe two 
Planes muſt cut one another in a right Line; and 


while 


with the Ecliptick, are called the Eguinoctial Points; 
Points. 


it will then appear or have a Repreſentation of 


when the Earth ſeen from the Sun is in either of 


while the Earth turns round the Sun, the com- Lecture 
mon Section of theſe two Planes will likewiſe VII. 
always remain parallel to itſelf, for the ſame 2 
Reaſon, as we have ſhewed in the Poſition of tze 
Earth's Axis : And therefore this Section or Line, in | 
which the Planes cut one another, will always be 
directed towards two oppoſite Points of the Eclip- 
tick, aud will always look to the ſame Points of the 
Univerſe, | 

A great Circle in the Heavens paſling through the qui - 
two Celeſtial Poles, and the common Section of the no&ial 
Aquator and the Ecliptick is called the Egui- Colure. 
noctial Colure: Another Circle cutting the former mn 
in the Poles at right Angles, is called the Salſtitial eee. 3 
Colure, which paſſes through the Points where the 
Equator and Ecliptick are at the greateſt Diſtance 
from one another, and cuts likewiſe both theſe 
Circles at right Angles; and therefore does likewiſe 
paſs through the Poles of the Ecliptick; or that Point 
which is every-where equally diſtant from the 
Ecliptick, The four Points in which theſe two 
Colures interſe&t the Eeliptick, are called the four 
Cardinal Points; becauſe when the Sun is ſeen in e Car- 
them, he determines the four Seaſons of the Year. zal Points. 
The two Interſections of the Equinodial Colure 


the other two, being the Interſections of the Solſli- 
tial Golure with the Ecliptick, are called the So//itial 


SUPPOSE now the Eye of a Spectator to look plate III. 
from afar, obliquely upon the Orbit of the Earth; Fig. 4. 


an Oval Figure, according to the Rules of Per- 
ſpective; and in the Middle-of this Oval the Sun 
will keep. Through the Center of the Sun 8, draw 
the Right Line Y S & parallel to the common Sec- 
tion of the Æquator and the Ecliptick, which will 
meet with the Ecliptick in two Points v, &: And 


theſe Points, the Right Line 8 er S a, which 
F 2 joins 
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Lecture joins the Center of the Earth and Sun, will' coin- 
VII. cide with the common Section of the Aquator and 
_ Ecliptick; and will then be perpendicular to the 
The diFe- Axis of the Earth, or of the Equator, becauſe it is 
rent Iliu- in the Plane of the Equator : But the ſame Line 
mination of is alſo perpendicular to the Circle which bounds 
= Paral- the Light and Darkneſs; and therefore the Axis of 
cording to the Earth will be in the Plane of that Circle, which. 
the Place will therefore paſs through the Poles of the Earth, and 
of the will cut the Aquator and all its Parallels into equal 
Earth in parts. When the Earth therefore is in the 'Begin- 
p 0 ning of , the Sun will be ſeen in , in the com- 
The 4þ- mon Section of the Equator and the Ecliptick ; 
pearamces and therefore it wil] appear in the Celeſtial Equi 
when the noctial, and will not be ſeen to decline to either of 
1 the Poles ; but being exactly in the Middle between 
en both, it will then, by its apparent diurnal Revolu— 
and the . * PP 
Sun is ſcen tion, deſcribe the Celeſtial ÆEquinoctial. In this 
in Aries. Poſition of the Barth, the Sun will exactly illumi- 
| nate the Earth from Pele to Pole; and, as we ſaid, 
the Circle bounding Light and Darkneſs will cut 
the Parallels exactly into equal Parts ; and every Point 
of the Earth, being carried round by the vertiginous 
Motion, will remain as long in the obſcure Side, as 
it was in the Light or illuminated Portion of the 
Earth's Surface: And therefore at that Time, through 
the whole Globe of the Earth, the Day will be equal 
to the Night: From hence the Circle which that Day 
the Sun ſeems to deſcribe in the Heavens, has ob- 
| tained the Name of Æguinocrial. CE 
7 he Ap- THE Earth in its annual Motion going by De- 
zearances grees through m and £, towards H, and the common 
Toben ihe Section of the Æquator and the Ecliptick remain- 
em 11 ing always parallel to itſelf, it will no longer paſs 
. 0 through the Body of the San; but in it makes a 
right Angle with the Line 8 P, which joins the 
Centers of the Sun and Earth: And becauſe the 
Line 8 P is not in the Plane of the Æquator, but 
in that of the Ecliptick; the Angle BPS, which 
the Axis of the Earth makes with it, will not now 
| 6. ; he. 


ESD CURE $8. 


be a right Angle, but oblique; theſe two Lines 
making an Angle of 664 Degrees, which is the ſaine 
with the Inclination of the Axis to the Plane of the 


Eclipticx. Let the Angle SPL be a right Angle, — 


and the Circle bounding Light and Darkneſs will 
paſs through the Point L; and then the Arch BL, 
or the Angle BPL, will be 23 Degrees, that is, 
equal to the Complement of the Angle BPS to a 
right Angle. | 7 i 
Lr the Angle BPE be a right Angle, and then 
the Line PE will be in the Plane of the Aquator: 
Therefore becauſe the Arches BE and LT are 
equal, each of them being Quadrants; if the 
common Arch B T be taken away, there will re- 
main TE equal to LB equal to 23: Degrees. 
Take EM equal to ET, and through the Points 
M and T, deſcribe two parallel Circles ''C, MN; 


the one is called the Tropick of Cancer S; the The Teo 
other the Tropic of Capricorn p. And the Earth Trepicks . 


being in this Situation, the Sun will ſhine perpen- 
dicularly upon the Point T, and then it will ſeem 
to approach the neareſt that it can come to the 
North Pole: And the Circle which by the appa- 
rent diurnal Revolution of the Heavens, the Sun 
ſeems to deſcribe, will be directly over the Circle 
TC in the Earth, which Circle is therefore called 
the Celeſtial Tropick of Cancer, Now upon the 
Account of the Revolution of the Earth round its 
fixed Axis, all the Points of the Parallel TC will 
in their Turns paſs by the Point T, and will be 
directly under the Sun, and therefore the Sun will 
be vertical to all the Inhabitants that are under the 
Tropick of 28, when he comes to their Meridians, 
While the Earth is in this Polition, it is manifeſt; 
that the Circle which bounds Light and Dark- 
neſs reaches beyond the North Pele B to L; but 
towards the South it falls ſhort of the South Pole 
A, and reaches no further than F. Through L and 
F let two Parallels to the Æquator he deſcribed : 
Theſe two Circles are called the Polar Circles ; this 
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Lecture is called the 4r4i;# Polar, the other the Aniars- 
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tick. And while the Earth is in P, all that Tra& 


of it which is included within the Polar Circle 


KI., continues in the Light, notwithſtanding the 


The Arc- 
tick and 
Antarc- 


without any Day. 


conſtant Revolution round the Axis; and the Inha- 
bitants there enjoy a continual Nay. On the con- 
trary, thoſe that lie within the Amiar&ich Circle 
remain in continual Darkneſs, having all Night 
Beſides it is likewiſe manifeſt, 


tick Circles that all the Parallels between the Aquator and the 


Argtict Circle, are cut by the Circle bounding 
Light and Darkneſs, into unequal Portions; the 
largeſt Portions of theſe Circles remaining in the 
Light, and the ſmalleſt in Darkneſs: But thoſe Pa- 
rallels which are towards the Antarctic Circle have 
their greateſt Portions in Darkneſs, and the leaſt in 
the Light; and the Difference of theſe Portions 
will be greater or leſs, according as the Circles are 
nearer to the Pole or to the Equator. Therefore 
in this Poſition of the Earth, when the Sun is ſeen 
in e, the Inhabitants of the Northern Hemiſphere 
will have their Days at the longeſt, and their 
Nights the ſhorteſt; and the Seaſon of the Year 
will be Summer: But in the Southern Hemiſphere the 
Inhabitants will have their Nights longeſt, and 
mn Days ſhorteſt ; and they will be in their Winter 
Seaſon. e | 


Axp in every Place the Length of the longeſt 


Days will be the greateſt, and the Nights the ſhorteſt, 


according as the Place is further removed from the 
A£quator, and comes nearer the North Pole, We ſee 
likewiſe, that of all the Parallels, there is only the 
Fquator which is cut into equal Parts by the Circle 
bounding Light and Darkneſs, they being both of 
them great Circles : And therefore it is only the 
Inhabitants of the Harth that live in the Æquator, 
That have their Days conſtantly equal to their Nights, 
throughout the whole Year. © 
Wm the Earth goes on from f by =, &, 
fo ry in which Time the gun is ſeen to paſs 
| LE through 


laru sss ² AM 


through the Signs es, &, and , he will appear to Lecture 
return by little and little towards the quator, VII. 
and when the Earth is arrived at Y, the Sun will! 
appear in , where the common Section of the 
Amquator and the Ecliptick always keeping parallel 
to itſelf, will paſs through the Center of the Sun; 
and then the Sun will appear in the Celeſtial Rqui- 3. Ad- 
noctial: At which Time the Days will again be pearances 
equal to the Nights, to all the Inhabitants of the when the 
Earth; juſt after the ſame Way as it was when Earth, is 
the Earth was in , in that Poſition the Circle“ Aries 
bounding Light and Darkneſs paſſing through the 

Poles. | N | | 

THE Earth moving on through Y, &, and , 
the Sun will be ſeen to go in the Ecliptick through 
, m, and 7, and will appear to decline from 
the Equator towards the South ; ſo that when the The 4p. 
Earth js really in S, the Sun will appear among the Fearances 
Stars, near the Conſtellation p. And whereas the eee the 
Axis BA does not change its Inclination, but does Þ Cn | 

always retain its Paralleliſm, the Earth will have ö 
the ſame Aſpect and Poſition in Reſpect to the Sun, 
that it had when it was in ; but with this Dif- 
ference, that when the Tract within the Polar Circle 
KL was in continual Light while the Earth was 
in y; now the Earth arriving at S, that ſame 
Tract will be altogether in Darkneſs, and the Beams 
of the Sun cannot reach it, But the oppoſite Space 
within the Circle FG, will be in a continual Illu- 
mination ; and at the Pole A there will be no Night 
for the Space of ſix Months, 

HERE likewiſe of the Parallels between the 
Aquator and the North Pole, the illuminated Por- 
tions are much leſs than the Portions which remain 
in Darkneſs; the contrary of which happened in 

the former Poſition, So likewiſe the Sun at Mid- 
day will appear vertical, or directly over Head to 
all the Inhabitants that live in the Tropick MN, 
fo that it will appear to have deſcended towards the 
South from the Parallel T C to the Parallel MN. 

F4 through 
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Mi) Lecture through the Arch CN, which is 47 Degrees, 
' 0 | or 'Therefore the Inhabitants 'of all Places of the Earth 
i! tat are beyond the Tropicks, towards either of the 
15 | |  Tnbabi- Poles, have the Sun in their Summer 47 whole De- 
$1 tants to- grees nearer to their Vertex or to the Point di- 


ewardseach;reAly over their Heads, than in the oppolite Time 
Pole. have of Winter. This Change of Situation in Reſpegt 
7 1 */ to the Sun, does not ariſe becauſe the Earth is raiſed 
. or depiefled, but on the contrary, becauſe it is no 
Vertex at where depreſſed, and no where raiſed ; but with its 
one Time Axis keeps the fame immutable Potition, in reſpect 
the Year of the Univerſe, only going round the Sun which is 
8 nog placed in the Center of its Orbit, and the Ax:> there - 
: of retaining the ſame Inclination to the Plane of the 
Orbit, and the ſame Situation in reſpect to any other 
fixed Line. } 19906, 67S. - gh þ 
How all ALL we have here ſaid will appear evident ta 
theſe Ap- our Eyes, if we light a Candle in a dark Room 

e, and take a ſmall Globe of two or three Inches 

; gente is Diameter, in which we muſt mark the Poles, the 

"the He. AEquator, ſome Parallels, and ſome Meridians, or 

CTCircles paſſing from Role to Pole Then we muſt fo 

hold this Globe before the Candle, that its Axis 

may not be perpendicular to the Plane of the Table 

on which the Candle ſtands; but let it be inclined to 

it, in an Angle nearly 664 Degrees: Then place 

the Globe in tuch a Manner, that one of its Poles 

may point directly Northwerd; and let the Light of 

the Candle firft reach from Pole to Pals; that is; 

let the Circle bounding Light and Shadow firſt paſs 

through the two Poles of the Globe: Then let the 

Poſition of the Axis be well obſerved, and then move 

the Globe round the Candle with your Hand, in à 

Circle parallel to the Herixon, holding it fo that the 

Axis may always point the ſame Way, and retain 

the ſame Inclination to the Horizon. This done, 

you will ſee that the Flame of the Candle will in 

the ſame Manner illuminate this Globe, as the Sun 
actually does the 'Zarth: And the Poles of the © 

(Globe, its Æquator and Parallels, will undergo the 


' ſame 


ſame Viciſſitudes of Light and Darkneſs, which we Lecture 
have now explained. a VII. 


in the Space of ten Hours; and therefore 2 Jovian, ©* #797: 


the Colds of the Winter. 5 | ” 
Ir through the Center of the Sun or Earth (it The Axis 

is no Matter which, for theſe two Points at the of the E- 
Diſtance of the Szars will ſeem to coincide) there be chiptick. 
raiſed a Line which is perpendicular to the Plane of 

the Ecliptick, and this Line will be produced to the 
Heavens, it is called the Axis of the Ecliptick ; and 

the two Points, which this Line on both Sides pro- 

duced, does tend to in the Heavens, are called the 

Poles of the Heavens. Now if we imagine great TK Poles. 
Circles to paſs through theſe Poles, and by every 

Star or Planet, they will all be perpendicular to the 

Plane of the Ecliptick. Theſe Circles are called Se- The Secon- 
condaries of the Ecliptich, or Circles of Longitude, And daries of 
an Arch of one of theſe Circles intercepted between “e Ectp- 
any Star and the Ecliptick, is called the Latitude of tigt f. 
that Star, or its Diſtance from the Ecliptick ; which ,, of a 
may be either North or South, according as the Star Star. 

is upon the North or South Side of the Ecliptick. So 

alſo an Arch of the Ecliptick between the fiſt Point 

of M, or its Interſection there with the Æquator, and 

the Point where the Circle of Longitude paſſing 

through a Star, cuts the Ecliptick, is called the Lon- The Lon- 
 pitude of that Star, | gitude of @ 

| 5 J AFTER Star. 
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Lecture Arrx the ſame Manner if there be conceived 
VII. innumerable Circles to paſs through the two Pole 
of the Earth, and through each Place on its Sur. 
face, they will be all perpendicular to the Aquator, 
and they are called Secondaries of the Æquator: But 
in reſpect of the Places through which they paſs, they 
The Meri. are called Meridians ; becauſe when the Sun is ſeen 
Es, in any Place, in the Plane of ſuch Circle, it will be 
| Mid-day to the Inhabitants of that Place, The Arch 
of one of theſe'Secondaries intercepted between any 


. Lats. Place and the Equator, is called the Latitude of the 


tude of a Place, or its Diſtance from the Æquator, which ma; 
Place, be likewiſe either North or South: And that Arch > 
the Equator, that lies between the Interſection of 
the Secondary Po through any Place, with the 
F#quator, and any other fixed Point in the Equator, 
— is called the Zangitude of that Place. 5 
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: LECTURE VIII. 

WY Containing Soeral obe, Phenomena or 
2 Appearances, whioh depend on the Motion 
of the Earth. arr oee 


Sun, that its Axis always remains ps INE 

ralle] to itfelf, it ſeems neceſſary that III. 
7, ; 1" this 4x35 at different Seaſons of the Year, 
#777" ſhould point to different fixed Stars, and 


— 


== that the Star or Point of the Heavens, which is di- The Axis 

== rely over the Pole of the Earth in the Summer, ſhould I the 

= not be ſo directly over it in the Winter; but that the e | [ 

Aris ſhould point to another Star, whoſe Diſtance — = 

= from the former ſhould be equal to the whole Diame- d;ferent 

== ter of the Earth's Orbit. Stars at 
For let ACBD be the Orbit of the Earth, in Here 

whoſe Center is the gan 8; AB the Diameter of 77 

the Orbit: When the Zarth is at A, its Axis is Plate IV. 

directed to a Star E, which is directly over the Fig. 2. 

Pole of the Harth Now when the Earth comes to | 

the oppoſite Point of the Orbit B, the Axis being 

in a Poſition parallel to its former Poſition, it wi 

no longer point to the Star E, but to another Star 

F, which two Stars will be diſtant from each other 

the whole Length of the Diameter of the great Or- 

bit. But the angular or obſeryable Diſtance of the 

Stars is the Angle EBF, which is equal to the An- 

gle AEB, by the 2gth Prop. fſt Book of Euclid, 

But the Angle AEB is the Angle under which the 

Diameter of the great Qrbit, or Orbit of the Earth, 

is ſeen from the Star E, which Angle EBF or 


AEB 


4 
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Lecture AE B is called the Parallax of the great Orbit; and if it 
VIII could be obſerved, we might by it find the Diſtance 
of che Star E, from the Earth, in reſpect of the Sun 

The Paral- Diſtance from us. For in the Triangle E A B, we 
tax of the have the Angle E, which is equal to the Angle E BF, 
great Or- which we ſuppoſe we can obſerve ; we have like. 
5 wiſe the Angle E AB, which in the. Eguinoctial Points 

is always a right Angle; and in the Siſtices it is equal 

to the Inclination of-the Earth's Axis io the Plane 

of the Ecliptick, and is always equal to the viſible 
Diftance of the Sun from the Pale Hence in this 
Triangle we have all the Angles: We have likewiſe 

the Side A B, and conſequently, by Triganometry, we 
—_:: the Sie AE, dr EB. the Diſtance of the 
This Pa- Star E from the Earib. n Ja: nat 5 
raflax Bor the Truth is, that the Diſtance of the Starr 
fearcely to is ſo great in reſpect of AB. and the Angle E BF 
be obſerv- is ſo very ſmall, that there can be no Inſtruments 
4. made nice enough to obſerve it exactly; and they MW 
- who have taken moſt Pains to find it out, could I 
never obſerve it to be ſo great as one Minute: 
And ſince in the Qbſervation of ſuch ſmall Angles, 

Errors are ſcarcely to be avoided, and ſuch too as 

will in the Computation produce prodigious Dif- 
ferences in the Diſtances which depend upon them, 

we cannot ſafely truſt ſuch Obſervations : For if, 

with Mr. Flam/teed, we ſhould ſuppoſe the Parallax, 

| or the Angle EBF, to be 42 Seconds, and there be 
The Dj. an Error committed in Obſervation, which makes 
flenceof the Angle 25 Seconds greater than it really is, (and 
the Stars no Man can be ſure that he has not committed ſuch 
uncertain. an Error) the Diſtance of the fixed Stars, in that 
Cale, will really be double of what our Obfervation 

makes it. But if the Obſervations happen to be leſs 

accurate, ſo that there may be a Minute or more be- 

tweet them and the Truth, (and moſt of our Obſer- 

vations are ſuch) the Diſtance that ariſes from the 
Computations made upon ſuch Obſervations, will be 
prodigiouſly wide of one another, and all of them 

very different from the Truth © 1 5 

ö EL _ HiTHERTQ: 


= 


2B BCT OR BS * 


Hr nhERT 0 we have ſuppoſed the Axis of the Lecture 
Furth to have remained in an immutable Poſition, VIII. 


- 


* 


and to have continued in an exact Paralleliſm, and 
that the Earth had only two Motions, one Annual e Axis 
round the Sun, the other Diurnal round its Axis. of the 
But the A/tronemers, from the Obſervations of many Earth does 
Years, have found that the Axis of the Earth has 29 Pre- 
not exactly kept its Paralleliſm, but has deviated aerve 50 
little from that Poſition ; ſa that though the Varia- ralleliſm. 
tion in the Space of two or three Years be ſcarcely _ © 
ſenſible, yet in many Years, or in a Century or two, 

it is very obſervable: And therefore while we were 
explaining the Appearances of one Year, we ſpoke 

nothing of this Aberration ; for that could no Ways 

diſturb the Phenomena that were then to be explained; 

yet in the Compaſs of ſeveral Years this Mutation 

or Change of the Poſition of the Earth's Axis be- 

comes very remarkable. So the Direction of the 

Axis has been ſenſibly changed, though its Inclination 

to the Plane of the Ecliptick has remained the ſame ; 

and from hence we find, that the Axis of the Earth 

has another Motion, which 1s here to be explained. 

LET the Line DC H repreſent a Portion of the Plate Iv. 
Earth's Orbit, and let the Center of the Earth be Fig. 2. 
C; from which eredt CE perpendicular to the | 

Plane of the Ecliptick, meeting with the concave 

' Surface of the Heavens in E: This Line CE will he Axis 
be the Axis of the Ecliptick, and E the Pole of of the 
it. . Let CP be the Axis of the Earth produced Ecliptick, 
to the Heavens; P will be the Pole round which | 
the Heavens have an apparent diurnal Revolution. 
Through the two Points E and P, draw a great 
Circle EPA, which paſſing through the Poles of 
both the Ecliptick and Æquator, will be perpen- 
dicular to both thoſe Circles. Let it meet with 
the Ecliptick in A; the Arch P A will meafure 
the Angle PCH, which is the Inclination of the 
Axis of the Earth to the Plane of the Eeliptick; 
that is, it will be 66: Degrees; and therefore the 
Arch EP, which is its Complement to a Qua- 

| drant, 
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VIII. ſure the Angle ECP, that the Aris of the Eclip. 
tick and the Equator make with one another. 


r From the Pole E, deſcribe through P a leſſer Circle 


of the PFG, which will be parallel to the Ecliptick; 
World and ſince the Axis of the Harth always keeps the 
moves {ame invariable Angle with the Axis of the Ecliptick; 
backward it will always be directed to ſome Point in the Pe. 


Sat le. tiphery PFG, and the Pole of the World mut 


rallei to always be ſomewhere placed in it: 80 likewiſe, if 
the Eclip- the Axis of the Earth retained the ſame Direction 
_ without any Change, as often as the Earth came 
to the Point of its Orbit C, the Pole of the Heaven: 
would be conſtantly in the indiviſible Point P: But 
we find, that the Pal of the World does conſtantly 
change its Place in the Periphery PFG ; and the 
Axis of the Earth, which before pointed to P, aftet 
72 Years will look to another Point which iz 
one Degree from P towards the Het. And by this 
Means, the Axis of the Earth, or of the World; 
is carried in a Conical Motion, or deſcribes the Sur- 
face of a Cone, whoſe Vertex is in the Center of 
the Earth, and its Bafe is the Circle PFG; and 
the Pole P will conſtantly move in the Periphery 
PFG, with a very flow and retrograde Motion, 
from the Eat to the Ve, and does not finiſh its 
Circulation in leſs than 25920 Years ; after which 
Time the Pole having left the Star at P, does again 
return thither. Henee it follows that the Star which 
is now the Palar, and directly over the Pale of the 
Earth, after 12960 Years, which is half the Period 
of the Polar Revolution, will be 47 Degrees diſtant 
from the Pale, which will then be directed to G. 
Tb 81. Tus Circle EPA being perpendicular to both 
fitial Co- the Ecliptick and the Æquator, will be the Sal- 
lire. ſtitial Colure, and A will be the Sofftitial Paint, which 
Point of the Ecliptick is moſt diſtant from the Aqua- 
tor: Now, after the Axis of the Earth produced 
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the Circle EQB, this Circle will then be perpendi- Lecture 


cular to both Æquator and Ecliptick ;z and therefore, VIII. 
when the Axis of the Earth is in the Poſition CC 
the Circle EQB will be the So//:tial Colure, and the 
Solſtitial Point will be B, where that Circle interſects 


the Ecliptick; and therefore the Solſtitial Points will The Solfti- 
move backward equally with the Poles; the Motion tial Points 


of the Pole being in the Circle PQG, which is #vepact- 
parallel to the Ecliptick, the Arches PQ, and AB : 
will be like or ſimilar; ſo that when PQ is an Arch 

of one Degree, A B will likewiſe be an Arch of one 

Degrees | | J | 

ENCE the Solſitia! Points will always be re- 

ceding from the Stars backward, fo that if the Sol- 

fiitial Point be this Day near the Star A, after 72 

Years, it will be in B, one Degree removed towards 

the J/eft of the Star A. And ſince the Solſtitial 

Points move conſtantly backward, the AquinoRial 

Points, which are always go Degrees diſtant from The uni. 
the Solſtices, will alſo move conftantly backward ; ai 


and fo likewiſe muſt all the other Points of the Points jo 
Eeliptic eſſarily move back, equally with the 792* . 


Solftices, becauſe they keep conſtantly the fame 8 
Diſtances from them. Thus, ſince between the 


| Solflice, and the Interſection of the Æquator and the 


Ecliptick, there are go Degrees, or a Quadrant of 

a Circle, when the Solſice has moved one Degree 
Weſtward; the Equinoctial Interſection muſt like- 

wiſe move one Degree We/tward; otherwiſe they 

could not always keep the fame Diftance from one 
another. Therefore the Æquinoctial Points, and 

all the other Points of the Ecliptick, do move con- | 
tinually backward or towards the t. And 93, 30 
this Motion is ſaid to be in Antecedentia, to the tion, in 
Weſtward, and contrary to the Order of the Signs : Antece- 
As the other Motion, whereby the Earth and all dentia. 
the Planets are carried round the Sun to the Ea/t- 75 Me. 


ward, is ſaid to be in Conſequentia, in Conſe- ont in Cons 


quence, or according to the Order of the Signs, ſequentia. 
that is from , 8, ms Sc. And this back» 
ward 


Ly — 
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Lecture ward Motion of the Equinoctial Points is called the 
VIII. Preceſſion of the r by which they are 
carried conſtantly back unto the preceding Signs or 
Preceſian Stars, and fall more and more behind the ſucceeding 
of the . Stars. 7 1 et. | 
guinoxes. STN CE the fixed Stars remain immoveable, and 
the common Interſection of the Æquator and the 
Ecliptick conſtantly falls backward, it muſt neceſ- 
farily happen, that the Diſtance of the Stars from 
the Aquinoctial Points be conſtantly changed, and 
The Motion the Interſections moving He/tward, the Stars will 
of the A. ſeem to remove more and more Eaſ/tward in re- 
8 ſpe of the Æquinoctial Points: And therefore the 
ric -,.; Longitudes of the Stars which are computed from 
makes the the firſt Point of Y, or the vernal Interſection of 
Stars ſeem the Equator and Ecliptick, muſt conſtantly in- 
to move creaſe ; and all the Stars will ſeem to have a Mo- 
forward tion Eaftward, not that they have really any ſuch 
—— ph Motion, but becauſe the Æquinoctial Point has a 
Contrary Motion to the Vet; ſo that the Diſtances 
of the Stars or their Longitudes from the firſt 
Point of M reckoned Eaftward, becomes conſtantly 
| greater, 25 2 F | 
The Cn. HENCE it is, that all the Conſtellations have 
flellations changed their Places, and have deſerted the Stations 
bave they kept, when they were obſerved by the firſt 
erarged Afironomers. Thus the Conftellation of the Ram, 
Places, Which in Hipparchus's Time was near the vernal 
Interſection of the Aquator and Ecliptick, and 
gave its Name to that Portion of the Ecliptick, is 
no removed from that Interſection a whole Sign, 
. or a twelfth Part towards the Zaft, and is got into 
the Sign or Portion of the Ecliptick called , or 
the Bull Thus alſo the Conitellation Taurus, or the 
Bull, does now relide in Gemini, or the Twins ; and 
the Stars which are called Twins are at this Day 
advanced to S, or the Crab; the Stars in the 
Crab are got into the Place which was formerly 
_ pollefſed by the Lion, and the Lion has driven 
the Virgin a whole Sign forward; and ſo every 
brew. 5 Conſtel- 


Conſtellation has ſince the firſt Obſervation changed Lecture 
Place with the following. But here it is to be ob- VIII. 
ſerved, that though tlie Conſtellations or Images 
have left. their Places, yet the twelve Portions of 
the Eeliptick, which are called Dodecatimorta, re- 
tain ſtill the ſame Names which they had at firſt 
in the Time of Hipparchus : But to diſtinguiſh them 
from the Conſtellations, the Portions of the Eclip- 
tick are called Anaſtrous Signs, or Signs without 
Stars; and the Conſtellations are called the Starry 
See uses e n af todd! ee 
5 8 oM E ancient A/tronomers ſuppoſed the Interſec- 
tions of the Æquator and Ecliptick to be immove- - 
able; and becauſe they found that the $:ars changed 
their Diſtances from theſe Interſections, they there- 
fore imagined the Orb or Sphere in which the fixed 
Stars wete placed, to have a flow. Revolution about 
the Poles of the Ecliptiek ; ſo that all the Stars per- 
formed their Circulations in the Ecliptick, or its Pa- 
rallels, in the Space of 25920 Years; after which 
Time the Stars would again return to their former 
Places. This Period of Tiine, which is five Times 
greater than the Age of the World, they call the 
great Lear; and imagined that when it was finiſhed, 5, fend 
every. Thing woald begin again, and all Things Year, 
happen and come up in the ſame Order. they do 
Now. "94-7 £3" 5 1 p FE; Es | RF ard 
Txrx phyſical and efficient Cauſe of the Preceſ- 
ſion of the Equinoxes, was unknown fo all the 
Aſtronomers before Sir I$Aac NEWTON; none of 
them being able to gueſs from whence it did proceed. 
But Sir 184ac Nxwrom, having conſidered the 
Laws of Motion and Gravity, hath clearly demon- 
ſtrated, that it doth ariſe from the broad ſpheriodical 
Figure of the Earth: And that this broad ſpheriodical 
Figure ariſes from the Rotation of the Earth round 
its Axis. 4 e . 

Ar rHo' the Earth in its annual Motion does fo 5, avis 
go round the Sum, that it always performs its Period of the 
in equal Intervals of Time; yet its Motion in its Earth iz 
Orbit is obferved not to be equable and uniform, * Orbit, 

G I 1 


2 
—— 


82 ASTRONOMICAL 
Lecture but in ſome Places it moves quicker, in other Places 
VIII. it flackens its Pace; and therefore the apparent 
Motion of the San in the Ecliptick cannot be re- 
gular and uniform; and he is not obſerved to go 
through the ſame Space of the Eeliptick every Day. 
In our Summer he is obſerved to go with a lower 
Motion, in our Winter he moves ſomewhat faſter; 
and the Difference of theſe Motions in Summer 


Our Sun- and Winter is ſuch, chat his Place in the Ecliptick 


mer is eight is ſometimes two Degrees above what it would be, if 


Days lng- he had conſtantly kept the ſame Pace; and ſome- 
er than 


Water. times it is two Degrees leſs: On which Account 


the Sun is obſerved to ſpend near eight Days more 
Time in the Northern Signs of the Ecliptick, than 
in the Southern Signs: So that from the Time of the 
Sun's being in the Vernal AquinoRie, till his com- 
ing into the Autumnal, there are 1864 Days; in 
which Time, by his apparent Motion, he is ſeen to 
deſcribe one half of the Ecliptick. But from the 
Autumnal Æquinoctie to the Vernal, there are only 
1787 Days, in which Space of Time he finiſhes his 
Courſe through the other half of the Eeliptick, and 


viſits all the Southern Conſtellations. -- We are alſo 


aſſured by the Obſervations of Afironomers, that the 
apparent Diameter of the Sun in Winter, when the 
Motion of the Sun is quickeſt, is greater than the 
We appa- apparent Diameter in the Summer, when he ſlackens 
rent Dia- his Pace; and the Difference is ſo great, that when 
meter of the the Sun appears biggeſt, he is ſeen under an Angle of 
* 32 Minutes 47 Seconds; but when he appears leaſt, 
ter than de ſubtends an Angle only of 31 Minutes and 40 Se- 
Summer. conds; and therefore the dun muſt be farther from us 
in Summer than in Winter. | | 


from the Center of that Circle, it would be ob- 
ferved to deſcribe equal Angles round it; but they 
ſuppoſed the Sun to be removed from that Center at 


ſome 


EY 
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LECTURES 83 
ſome Diſtances. Let the Circle AB C be the Or- Lecture 
bit of the Zarth, whoſe Center is E, and imagine VIII. 
the Center of the Sun not to be in E, but in 8. 
Now when the Earth is in A, the Sun will be ob- Plate IV. 
ſerved in the Point ; and when the Earib comes Fig. z. 
to B, the Sun will be obſerved in es: And again, 74 Motion 
the Earth being arrived at C, the Sun will appear . | 
in A; ſo that while the Earth deſcribes the Arch I 
ABC, which is more than a Semicircle, the Sun Circle. 
will appear to have gone through but one half of 


the Ecliptick; and the Sun will ſeem to have per- 


formed his Journey through the other half, while the 


Earth is deſeribing the other Portion of her Orbit 
ADC. Now, fince the Arch ABC is greater than 


the Arch ADC, it is eaſy to ſee, that the Sun muſt 
take more Time to deſcribe, by its apparent Motion, 
that half of the Ecliptick , 25, , than the other 
2 If, . Moreover, when the Earth is in B, it 
is further diſtant from the Sun than when it is in D: 
And if its Motion were in itſelf perfectly equable, yet 
when it is ſeen from the Sun, which is not the Cen- 
ter of equable Motion, it would from thence appear 
to be unequal: In B it would appear to be ſloweſt of 
all, and in D to be the quickeſt of all. But the ap- 5 
parent Motion of the Fun in the Ecliptick is con- 
ſtantly equal to the Motion of the Earth ſeen from 
the Sun; and therefore by this Suppoſition we can 
give an eaſy Account why in our Summer the San 
appears to have a flow Motion, and in the Winter a 
quicker; ſo that the unequal Motion of the Sun or 
Earth is not ſo in reality, but only optical and appa- 
rent; ariſing only from this, that the Sun is not ex- 
actly in the Center of the Earth's Orbit in E, but at 
ſome Diſtance from it at 8: So they affirmed, that a 
Spectator in E would always obſerve, that the Earth 
had a moſt exact uniform Motion round that Center 
in its Orbit. 5 4 
Tris Hypotheſis appears at firſt Sight to be ſimple 
enough, and to anſwet well the Appearances we 
have related; and all the A/trowomers before Kepler 
embraced it as a true 3 For they W 
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Lecture for an undoubted Truth, that all the Motions of the 
VIII. Heavens were exactly circular, and in themſelves 
1 — equable: But after the great Kepler had more accu- 
_.* . rately/ ſurveyed theſe Motions, and relying upon the 
* _- ©. Obſervations of the molt induſtrious Tycho. Brahe, he 
Tie true then found that the circular Hypotheſis would by no 
Motions of Means anſwer to the true Motions of the Planets : 
be Planets And by a moſt certain and infallible Method of Rea- 
22 loning, he has ſhewn, that the Motions of the Planets 
mor equa» ate neither equable in themſelves, nor are their Orbits 
ble. exact Circles. For by the Obſervations of Tycho, he 
The Ellip- has proved beyond all Diſpute, that the Figure of a 
1 planetary Orbit is an Ellipſe, which is deficient from 
| Ag Circle, or of the Form of an Oval; and that the 
Planets Motion in this Ellipſe is really unequal, ſome- 
times quicker, and ſometimes flower; and that, ac- 
cording to its Diſtance from the Sun, the Planet 

flackens or quickens its Motion. 
Plate IV. Now the Ellipſis is a curved Line Figure, which 
v4 5. the Geometers commonly ſhew by cutting a Cone or 
{cription of A Cylinder obliquely 2 But its Nature will be more 
an Ellipſe. clearly apprehended by Beginners from the following 
Defcription : Imagine two round fmall Sticks to be 
faſtened in any Plane or Paper, one in the Point H, 
the other in the Point G; and ſuppoſe a Thread 
doubled with the two. Ends tied together, whoſe 
Length muſt be greater than the Diſtance of the 
Points G and H, which Thread put over the two 
round Sticks: And let there be a Pen put in the 
doubling of the Thread, which may keep it always 
 Rretched with the ſame Force, This Pen, going in 
this Manner round, will deſcribe by its Motion a 
curve Line, which is the Ellipſe we now ſpeak of. 
And if without changing the Length of the Thread, 
we ſhould bring the round Sticks a little cloſer to- 
gether, we ſhall then have another Ellipſe of a dif- 
terent Kind from the former, and which will come 
-nearer to a Circle: And by bringing them till 
nearer, we ſhall always change the Form of our El- 
lipſe, and bring it nearer to a Circle, till the Sticks 
come to be joined together in one; and then = 

; Is en 


— 
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pen in the doubling of the Thread will deſeribe an Lecture 
exact Circle, Either of the Points G or H is called VIII. 
the Ficus or Nave of the Ellipſis; and if we biſect ; 
HG in C, the Point C is called its Center; the Tz. Focus 
Line D K paſſing through each Focus, and at each or Umlsli- 
End meeting with the Ellipſe, is called its Axis: cus. 
Hence it is evident, that if from any Point of the The Axis. 
Ellipſis there be drawn to the two Focuſes, as for Ex- 
ample, from B, two. Lines BH and B G, theſe two 
Lines joined together will always be equal to the Axis 
of the Ellipſis, and likewiſe equal to the Length 


of the Thread, bating the Diſtance of the two Fo- 


cuſes. | | 
Now, though this be the Form of the Orbit which 

the Planets deſcribe, yet the Place of the Sun is not 

the Center of it, but he takes his Reſidence in one plate IV. 
of the Focuſes: And the Axis of the Ellipſe AP is Fig. 5. 
called the Line of the Apſides; the Point A is term- 

ed the higher Apſis, and the Aphelion; the Point P is The higher 
called the lower Apſis, and Perihelion : Aud S C the Apfis or 
Diſtance between the Sun in the Focus and the Cen- ee 
ter, is called the Eæcentricity. If from the Center C, Apfis en 
there be erected upon the Axis the perpendicular CE, Perihelion.. 
meeting with the Orbit in E, and there be drawn The Ex- 
from the Focus the Line SE ; this Line is called <Ptricity. 
the Mean Diſtance of the Planet from the Sun, which 75, Mean 
is equal to half the Axis; it exceeding the ſhorteſt Diſtance 
Diſtance by as much as the longeſt Diſtance exceeds 

It, | | 

In the planetary Orbits, the Forms of the El- 
lipſes do not differ much from Circles; and in the 
Orbit of the Earth, the Excentricity SC is only 
17 of ſuch Parts as SE the mean Diſtance con- 
ſiſts of 1000, which Excentricity is but half of 
that which the A/tronomers that ſuppoſed circular Or- 


bits, attributed to the Diſtance of the Sun from the 


Center. PEO | | | 
THz Motion of a Planet in the Periphery of an The Rul- 
Ellipſe, is not at all equable; yet it is — by u which | 
2 certain immutable Law, from which it never de- o ROY 
83 viates; 
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Lecture viates ; which is, that a Line or Ray drawn from 
VIII. the Center of the Sun to the Center of the Planet, 

which is carried about with an angular Motion, does 
are regu- ſo move, that it deſcribes or ſweeps an Elliptick 
lated, is Arca, always proportional to the Time. Thus let 


the eguable the Planet be in A, from whence in a certain Time 
Deſcription 


W ſcribes, is the Triline AS B: When afterwards the 


Planet comes to P, and from the Center of the Sun 
8, there be drawn the Line 8 D, ſo that the Ellip- 
tick Space or Area PSD, may be equal to the 
Area AS B; then in that Cafe, the Planet will 
move through the Arch P D, in the ſame Compaſs 
of Time that it did through the Arch AB, which 
Arches muſt be unequal, and nearly in a recipro- 

cal Proportion to their Diſtances from the Sun; for 
becauſe of the equal Areas, the Arch PD muſt be 
ſo much in Proportion greater than the Arch AB 
as SA is greater than SP. This Law is ſufficiently 
demonſtrated by the moſt ſagacious Kepler, in his 
Book which he intituled Commentaries on the Mo- 
tion of the Planet Mars. And unto this his In- 
vention, all the Aronomers do now give their Aſ- 


ſent; for there is no Rule to be found, which ſo 


well ſatisfies all the Appearances of the Planets 
Motions, : 0 
The Mean Ax Arch of a Circle, or an Angle, or the El- 
Anomaly. liptick Area A SG, taken proportional to the Time 
in which the Planet deſcends from A to G, is called 
the Mean Anomaly of the Planet. But the Angle 
AS G, when the Planet comes from A to G, is 
The true called its true Anomaly, But when- the Motion of 
Anomaly, the Planet is reckoned from the vernal Interſection 
The Motion of the Equator and the Ecliptick, or from the Be- 
2 ginning of , it is called its Motion in Longitude ; 


would have, did it move uniformly in a Circle round 
the Sun, or elſe the true Motion wherewith the 
Planet deſcribes its Orbit, and is reckoned by the 
Arch of the Ecliptick it is ſeen to deſcribe ;| which. 

| ELIE true 


let it go to B; the Space or Area the Ray SA de- 


which is either a mean Motion, ſuch as the Planet 


19-944 
n 


5 
7 


2 . 


true Motion is ſometimes accelerated, and ſometimes Lecture 
retarded, according to the Diſtance of the Planet from VIII 
the Sun, in the various Points of its Orbit. i 55 
" . Means, for any given Time after that the oz. Peter- 
Planet has left its Aphelion, we find out its Place in mination of 
its Orbit, viz. Let the Area of the Ellipſe be fo di- 2 Planer's 
vided by the Line SG, that the whole Elliptick Area 7 
may have the ſame Proportion to the Area ASG, as ” 

the whole Periodical Time wherein. the Planet de- 

ſcribes its Orbit, is to the Time given; and then G 

will be the Place of the Planet in its Orbit. The 
Geometers have given ſeveral] Methods for dividing in 

this Manner the Area of an Ellipſez ſome of which 

we will ſhew in their proper Places. | 

_ SINCE in our Summer we are further from the My the 
Sun, and when Winter comes on, we begin to ap- Sun's Heat 
proach him; ſome may wonder why the Earth * greaters 
grows warmer, while it is ſtill further removing 7 ere 


from, the Sun; and again in the Winter, why it un ur. 


ſhould be colder notwithſtanding its nearer Accels. to 
him. But we muſt obſerve, that the Degrees. of 
Heat and Cold. do not altogether , depend upon the 
Diſtances from the San; but there are other powerful 
and coneurring Cauſes, which, have certain Effects 
in this Matter : For firſt of all, the direct Force of 
the Sun's Rays is much ftronger, than when they 
are received obliquely : Now in the Winter the Rays 
fall upon the Earth very obliquely, and their Power 
is not only diminiſhed on the Account. of their Ob- 
liqueneſs, but alſo becauſe the Light is not ſo denſe, 
there being much fewer Rays which can come to a 
certain Portion of the Surface to heat it. Moreover, 
the Sun being low in the Horizon all the Winter, the 
Beams paſs through a much greater Quantity of 
Air, or are deeper immerſed. in our Atmoſphere in 


the Winter than they are in Summer, when the Sun 


1 ge nearer to our Vertex, and the Force of 
the Rays is broke by the Reflections on ſo many Par- 


. ticles of Air: And the Difference is ſo very great, 


upon him without hurting our, Eyes; but when he 
| : G 4 riſes 


— SS — — —⅛ 


the Sum- 
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Lecture riſes higher, there is no enduring his Sight without 
VIII. blinding us. ER. 
Ls BUT there is another very powerful Cauſe which 
The Days produces the Variety of Seaſons; which is, that the 
longer tzanJonger any hard and ſolid Body is expoſed to the 
e pee] Fire, the hotter it grows. Now in the Summer for 

12 ſixteen Hours we are continually in the Sun's Heat 
1 and we have only eight Hours in the Night to cool: 
The contrary of which happens in the Winter, and 
therefore jt can be no Wonder, that there ſhould be 

ſo great a Difference of Heat and Cold in theſe two 

Seaſons. | 

SINCE the Power of the gun is greateſt when his 

Rays fall upon us moſt directly, and when the Days 

are longeſt; it would ſeem that the greateſt Heat 
ought to be when the Sun enters the Tropick of 5; 

for then the Sun comes neareſt to our Vertex, and 

lieth longeſt upon us. But Experience ſhews us, that 
we have the greateſt Heat after that the. Sun has left 

the Tropick; and the Seaſon becomes warmeſt about 
the End of July, in the Dog-days, when the Sun has 
palied the Tropick, and is removed from it above a 

whole Sigg. | 

THAT we may give the true Cauſe of this Ef- 
fect, it is to be obſerved, that the Action of the Sun, 
by which all Bodies are heated, is not tranſient, as 
its Illumination is, but permanent: So that a Body 
which has been once heated by the Sun, retains its 
Heat for ſome Time after the Sun has gone off it; 
So that the heating Particles which flow from the 
Sun, and are abſorbed by the heated Body, do for a 
certain Time remain within it, and do therein raiſe-a 
Warmth or Heat. But afterwards, when theſe Par- 
i ticles fly off, or loſe their Force, the Body begins to 
War the | , Cool : And therefore, if the heating Particles, which 
-reateft, are conſtantly received, be more than they which fly 
ee: the away, Or loſe their Ferce, the Heat of the Body mult 
Sun is in continually increaſe. And this is our preſent Caſe; 
After the Sun has entered the Tropick, the Number of 


mer Tro- 


Nick Particles which heat our Atmoſphere and Earth does 
Peer gonſtantly increaſe, there entering more in the Day- 
N = 


LECTURES: 


time than what we loſe in the Night- time, and there» Lecture 


fore our Heat muſt grow greater. Let us ſuppoſe, for 
Example's Sake, that there are a hundred heati 
Particles received in the Day-time in Sun-ſpine, an 
the Night being much ſhorter, there ſhould fly off 
only fifty of them, other fifty ſtill remaining there to 
excite Heat: The next Day, the Sun acting with 
almoſt the ſame Force, will impart another hundred 
Particles, of which no more than one half will fly 


away in the Night; ſo that on the Beginning of the 


third Day, the Number of Particles exciting Heat will 
be increaſed by one Hundred : And thus, while there 


are more Particles that excite Heat received in the 


Day-time, than what fly away in the Night, the Heat 
will conſtantly grow ftronger. But then as the Days 


decreaſe, and the Action of the Sun becomes weaker, 
there will at laſt be more Particles that fly away in 


the Night-time, than what we receive in the Bay- 
time; by which Means the Heat of a Body will grow 
every Day leſs, and the Earth and Air will by De= 


grees cool, ; 


== 
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i | kept in our Neighbourhood by a natural 
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V 
| Of the Moon, is Phaſes and Motion. 


. 


The Moon . PF all the Bodies in the Heavens, if you | 


is an Atten- N TI, = except the Sun, the Acorn appears to be the 
dant on the Vs moſt iplendid and ſhining Globe, and does 
Farm. more particularly belong to our Earth, of 
h ſhe is an A para Companion. And ſhe 

eg conſtantly abide ſo much in our Neighbourhood, 

that if ſhe were looked at from the Sun, he could ne- 

ver be ſeen to. depart from us by an Arch greater than 

ten Minutes. She therefore is tied to the Earth, and 

waits upon her as an Attendant, going along with the 

Earth round the Sun in the Space of a Year; but in 

the mean Time, -the has a proper Orbit of her own, 

which ſhe deſcribes round the Earth in the Time of a 


Month. 


It has wa- 
rious rd as a Center for the Regulator of their Mo- 


Shapes and tions ; and ſometimes they approach us nearly, at 
Phaſes. other Times they move away to a great Diſtance 
from us. But the Moon, like beam Body, is 


or Gravity towards us; by the Means of which it 
is conſtantly turned out of a rectilinear Courſe, and is 
obliged to perform its Revolution round about us, 
in the Space of 27 Days and ſeven Hours. The 
Moon puts on ſeveral Phaſes and Appearances, and is 
always changing its Figure; and with the Multitude 
of her Forms, ſhe has frequently puzzled the Minds 
and Underſtandings of thoſe 1 who have 
moſt contem her: Sometimes ſhe increaſes and 
EA. I A # CY IS | grows 
1 


THE Primary Planets have the Sun, which they 


ropenſion 
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grows bigger, then again ſhe wanes, and diminiſhes, Lecture 


as it were, in old Age; ſometimes ſhe is bended in- 


IX. 


to Horns, and then again ſhe appears like a haf 


Circle; at other Times ſhe looks gibbous or hump- 
backed, and eee. ſhe aſſumes a full globu- 
lar Face; and afterwards, by Degrees, ſhe diſap- 
pears and lofes all her Luſtre; ſometimes ſhe en- 
lightens us the whole Night, at other Times ſhe does 
not appear 'till late at Night: And, even in a total 
Eclipſe ſhe is frequently viſible, though with a very 
languid and pale Countenance : Sometimes ſhe keeps 
in the Southern Region of the Heavens ; at other 
Times ſhe' riſes high, and viſits the Northern Hemiſ- 


phere. All theſe Things were firſt found out by 


_ Endymion among the Greeks, who was the firſt among 
them who watched her. Motions; and upon that 
Account, was ſuppoſed to have fallen in Love witty 


her. 


THE Moon, like the Earth, is a dark, opake, and The Moon 
ſpherical Body; and only ſhines with the borrowed % Sei- 


Light of the Sun: For it is the Sun who is the Body. 


great Luminary in our Syſtem, and who always il- 
luſtrates that Half of the Moons Body, which is 
turned towards him; whilſt the other Half, which 
is oppoſite, is involved in Darkneſs: But the Face 
of the Moon, that can be ſeen by the Inhabitants 
of the Earth, is that which is turned toward the 
Earth: And therefore, according to the various 
Poſition of the Moon, in reſpect of the Sun and 
Earth, we do obſerve different Illuminations and 
Degrees of Illuſtration; at one Time a larger, at 
another a leſſer Portion of the illuminated Surface 
is to be ſeen; ſometimes there is no Part of it vi- 
ſible, and ſometimes we obſerve the Whole; and ſee 
the Moon with her Full Face. But for the better 
Underſtanding of this Matter, we will explain 


9 


it by a 2 25 Let 8 repreſent the Sun; T the plate v. 
Earth, R T S a Portion of the Earth's Orbit, Fig. 1, 2. 


which it deſeribes in Ne Amn Courts roufd the 
an Let ABCDEFGH be the Orbir of 
S 
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Lecture the Moor, | in which ſhe turns round the Earth in 

IX. the Space of a Month, from the We towards the 

ys Eaſt. e d ; 

The true I His Motion of the Mon is evident to our 

Motion of Senſes; for if the Moon be obſerved to arrive at 

the Don. the Meridian any Night with a fixed Star, the next 

PR Night ſhe will be 52 Minutes later in coming to 

the Meridian, or in S:uthing, than the Star; ſhe 

having receded from the Star about 13 Degrees 

towards the Eat. Join the Centers of the Sun 

and Moon, with the right Line 8 L; and through 

The Circle the Center of the Moon, imagine a Plane ML N 

Moca do paſs, to which the Line $ L is perpendicular; 

bounding The Section of that Plane, with the Surface of the 

Light and Moon, will produce the Circle which bounds Light 

Darkneſs. and Darkneſs in her, and ſeparates the enlightened 

Face from the dark and obſcure Side, In the 

ſame Manner, let the Centers of the Earth and 

Moon be joined by the right Line T L, which is 

perpendicular to the Plane PLO, paſling through the 

Center of the Moon; that Plane will make, on the 

Surface of the Moon, the Circle. which diſtinguiſh. 

eth the viſible Hemiſphere, or that which is towards 

| us, from the inviſible, which is turned from us; 

| 72 wy ** Circle may therefore be termed the Circle of 
ifion. ok wd 1 

The Phaſes Rae it is manifeſt, that whenever the Moon 

of the is in the Poſition A, in the Point of its Orbit oppo- 


- 


8 and Darkneſs, and the Circle of Viſion, do coin- 


to be full, and ſhe ſhines all Night long; and in re- 

ſpe& to the Sun ſhe is ſaid to be in Oppoſition For 

the Sun and Aon are ſeen in oppoſite Parts of the 

a Heavens, the one riſing when the other ſets, When 
the Moon comes to B, the whole illuminated Diſk 
MP N is not turned towards the . Earth, there be- 
ing a Part of it MP not to be ſeen by us; — 


* 


Rn SS 


-— ooo: BE CB. IE © hn BS: IB nnd ME oa 


L BOTURDES 93 
then the Viſible Illumination will be deficient from a Lecture 


Circle, and the Moon will have a gibbous or humped Ty? 


Form, ſuch as is marked in B. Fhe Hoon arriv- 

ing at C, where the Angle C TS is nearly right, The G5. 

there only one half of the illuminated Diſks is turned 99s Fi- 

towards the Earth,” and to be ſeen from thence; 8%“. 

and then we obſqgze a Haf- Mean as in C, ang 

ſhe is ſaid then to be Biſected or Dichotomized; that Half 

is, cut in Halfs. In this Situation the Sun and Moon, or 

Mom are a fourth Part of a Circle removed from = 2 

each other; and the Moon is ſaid to be in a Qua- arne 
ate Aſpect, or to be in her Quadruture. The The Qua- 

Moon going forward to D, the illuminated Face drature. 

MPN has but a ſmall Portion of itſelf turned 

towards the Earth, and the Side of the Moon turned 

towards the Earth is for the greateſt Part in Dark- 

neſs: And therefore of the ſpherical Figure of the 


Mon which appears to us to be plain, that ſmall 


Part which ſhines upon us, will ſeem to be bended 


into narrow Points or Angles, and will look like 


what we call Horns; for there the Circle. bound- 

ing Light and Darkneſs with the Circle of Viſion, 

doth form two ſmall Angles at their Interſections, 

and the Phaſis ſeen from the Earth will appear as 

in D. The Moon at laſt coming to E, will .ſhew 

no Part of its illuminated Face to the Zarth, but 

all the dark Side of the Moon will be turned to- 

wards it; and then the Moon diſappears, and ſhe is 

ſaid to be in Conjunci ion with the Sun, the Sun and 
ſhe being in the ſame Point of the Ecliptick. This Moon o- 
Poſition we call New Moon. When the Moon ad- the Con- 
vances further to F, ſhe again aſſumes a horned or junction. 
crooked Figure; and as before the ' New Moon the 

Horns were turned Weſtward, ſo. now, after the 

Time of New Moon, they change their Poſitions 

and look Ea/tward. When the Aon has proceeded 

to G, and is again in a Quadrate Aſpef? with the 

un, ſhe will appear biſected, and like a Half. Moon. 


In H ſhe will be bigger, but will ſtill be deficient 


from a whole Circle, and be-ſeen gibbous: But 
$155 I in 
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Lecture in A ſhe will again appear circular, and in ber ful 


IX. 


Splendor. 
TRE Arch EL, or the Angle S TL, contained 


De Elon- under Lines drawn om the Centers of the Sun and 
gation Moon to the Center of the Earth, is called the Elms 


the Moon 


from the 
Sun. 


ation of the Man from the Sun. And the Arch 
O, which is that Portion of the iHuminated Circle 
MON, which is turned towards 'the Earth, and 
which is the Meaſure of the Angle that the Circle 
bounding Light and Darkneſs, and the Circle of 


Viſeo, © make with one another, is every- where 
nearly ſimilar to the Arch of Elongation E Ly or, 


- - -which is the ſame Thing, the Angle 8 TL is nearly 


—.— S TL, and is therefore equal to both the 


_ to. the no Re 0, which I thus demon- 
at Pleaſure unto X, and the 
— TL P and MLS will be equal, they bein 
both Right Angles: But the Angles OLS and PLX 
are alſo equal, becauſe — are vertical to each other; 
therefore taking away thoſe equal Angles, the Angle 
MIL O will remain equal to . Angle T LX; 
but the Angle IT LX is the external Angle of the 


and oppoſite Angles 8 ILL and TSL, by the 
ſition of Book I. of Euclid. But the Angle 

581. is exceedingly ſmall, and next to nothing; 
for, when bi in the Quadratute, it does ſcarce 
exceed ten Minutes of a Degree ;- the Diſtance of 
the Moon from the Eartb, in- compariſon of that of 


the Sum, being ſo ſmall, that the Angle which it 


ſubtends at the San: vaniſhes, And therefore the An- 


_ STL. by itſelf is nearly equal to the Angle 


LO; whence the Arch M O will be. ſimilar or 
like to the Arch EL. 

TRR Semicircle OMP, Since its Plane ks 
through the Eye, will be projected into a Right 
Line, or appear like a Right Line on the Diſk of 
the Moon; but the Circle bounding Light and Datk-' 
neſs in che Moon, ſince it is — obliquely: from the: 
Zurth, will be projected into an Ellipſe, in which 
nnn it vill appear. Hence * the 6 
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the Moon from the Sun, it will be an eaſy Matter to Lecture 
ſhew its Phafis, or how it happens at that Time. IX: 
Let the Circle C O BP repreſent the Diſk ef the 


Myon, Which is turned towards the Earth; and let 4 Decline- 


OP be the Eine in which the Semicircle GM P is tion of the 
projectets which ſuppoſe to be cut by the Diame- — 4 
C, at Right Angles; and making LP- the fer axy E- 
the- Elon- longation. 

gation of the Moon from the Sun's And then upon Plate V. 


50, as the great Auf; and LF the leſſer Aris, de. Fig. 3. 4 5. 


| ſcribe the Semi-Ellipſe B FC. This EH will cut 


off from the' Diſk of the Mon the Po n BFCP 


of the ee Face, whieh 5 is viſible to. us from 


the-Earth. | VEN „ 
By making LP the Radius; L F beovanah the The Para, 
Coſine of the Elongation of the Moon from the tity of II- 


Sur; PF, in that Caſe, muſt be the verſed Sine ration. 


of the ſaid Elongation; and BC (che Line which 
divides che ilfuminated and dark Parts of che Diſk 
will de an Ellipfe, whoſe greater Aris is the Dias 
meter of the -Diflc BE, and half che 4effer" Whew 
is the Semidiameter of the ſame Diſk, diminiſhed 
by the verſed Sine of the Elongation. 8 
that OBPOC were the Diſk of the Mon 
towards the Earth, and B PC the e e 
dividing Light and Shadow: Draw any 
G HN parallel to the leſſer Aris, and which meets 
with the greater Axis in M, by the Nature of the 
Circle and the Ellipſe, L. 5 will be to LF, as 
GM is to MH; and by Diviſion of the Ratio, 
LP is to PF, as GM is to HG; and doublin 
of the Antecedents, PO will be to PF, as'G 
is to GH. The ſame Thing may be ſhewn 
any other Line, which is parallel to the leſſer Aris 
and therefore by the 12th Prop Book V. of EH 
as PO is to PF, ſo will all the Lines GN 
to all the Lines GH. But all the Lines G 
compoſe or make up the whole Zznar Diſk, it con- 
fiſting of an infinite Number of Parallel 
whoſe __ are the Lines GN, and . Baſes 
are 
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* are indefinitely little: So likewiſe all the 1 
IX. GH make up that Part of the Diſk which is illu« 
nin 
n „And therefore, as POis toPF, that i is, as the 
Diameter of a Circle is to the verſed Sine of the 
Moons Elongation from the Sun; ſo. is the whole 
Diſk of the Maon, to that Part of it which is illumi- 
nated by the Sun. And hence the Illuſtration. of the 
oe Moon, at any Time, is to its greateſt Illuſtration, 


which is at Full Moon, as the verſed e 


gation is to the Diameter of a Circle. 


mean A the Auen by reflected Light from the Sun lla 


ry — minates the Barth, ſo the Earth does more than re- 
reflex PAY her Kindneſs, in enlightening the Surface of 
Le. wes Moon, by this Sun's reflex Light, which ſhe dif- 
RE ©. fuſes more abundant] upon the; Moon than the 

| Moon does upon us: For the Surface of the Earth 
is above fificen Times greater than that of the 
Aan; and therefore, if both Bodies have the ſame 
ower of reflecting i in. Proportion to their Bigneſs, the 


Earth. would ſend back. fifteen Times, more, Light 


to the Moon than it receives from it. For the Earth 


appears fifteen Times bigger to the Inhabitants of the 
| Hin than the Moon does to us. In New ' Moons 
the illuſtrated Side of the Earth is fully turned to- 
wards the on, and will, therefore, at that Time, 
Mluminate the dark Side of the Aoon; and. then the 
Lunarians will have a Full Earth, as we, in a ſimi- 
lar Poſition, have a Full. Mon. And from thence 
ariſes that dim Light which is obſerved. in the Ol 
and New Moons, — uy beſides the bright and 
ſhining Horns, we can perceive the reſt of her 
Body dehind them, though but dark and obſcure, 
Now, when the Moon comes to be. in Oppoſition 
to the Sun, the Earth ſeen from the Moon, will 
appear in Conjunction with him, and its dark 
ide will be turned towards the Moon, in which 
oſition the Earth will diſappear; after the fame 
Manner as the Moon does diſappear to us in the 


Time of N. e Mans, or in her Conjunction with 
tho 


on Re 


LiB C-T\UR ES. - a 
the Sun. After this the Earth will appear to the In- Lecture 
habitants of the Moon in a horned Form. In a IX. 
Word, the Earth will ſhew all the ſame Appearances. Cy 

to the Inhabitants of the Moon, as the Moon does to 
us. . % | 

ALTHOUGH' the Moon circulating round the Earth The perio- 
deſcribes its Orbit in the Space of twenty-ſeven Days dic 
and ſeven Hours, which Space of Time is called a Month, and 
periodical; Month; yet the Time the Maon takes to 2 

go from one Conjunction to the next, which is a fy= * 
nodical Month or a Lunation, is greater than the peri- 
odical. For while the Moon in its proper Orbit finiſhes 

its Courſe, the Earth, with this her Companion and 
its Orbit, are going on their Way round the Sun, and 
are advanced almoſt a whole Sign towards the EAH; 
ſo that the Point of the Orbit, which in the former 
Poſition was placed in a right Line joining the Centers 
of the Earth and Sun, is now more MWeſteriy than the 

Sun e And there fore, when the Moon has again arrived 
to that Point, it will not yet be ſeen in Conjunction 
with the Syn. io: (3-1 
Fo let AB. repreſent a Portion of the Orbit of Plate V, 
the Earth, and when the Earth is in T, ſuppoſe the Fig · 6. 
Aeon in L, in Conjunction with the Sun in 8: 
While the Moon leaves the Point L, and proceeds in 
deſcribing its Orbit LAC D; the Earth in the mean 
Time, by its Motion round the Sun, is carried through 
the Arch Tr; and when it is come to t, the Orbit 
of the Moan is in the Poſition /acd, and the Point 
of the Orbit L will be now in the Line I, which is 
parallel to the former Line TL. Hence it is plain, 
that when the Moon comes to /, and deſcribes its 
whole Orbit, it is not then arrived at a Conjunction 


2 . K 3 @ 2 -+ oy 4 v»%-* &* b vV, Hy ow, we tht dts. hed © cad — 


e, with the Sun; but it muſt ſtill go further, and move 
on through the Arch I M, before it can get between the 
Jy Earth and the Sun And ſince the Moon finiſhes her 
rk Courſe in the Space of twenty-ſeven Days, in that 
ch Time the Earth will have completed an Arch of 
” twenty-ſeven Degrees in the Ecliptick; now the 
| F Arch IM and T? are alike or ſimilar, becauſe the 


418 "= Lines 


* 
6 
3 n 
we 


| Lecture Lines LT and It, being parallel, the Angles Ir M 
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Is and LS M are equal. But indeed it is required, that 
the Moon ſhould deſcribe a greater Arch than 7M, 


before it gets between us and the Sun, becauſe the 


Earth is ſtill moving in the mean Time: And there- 


Neu Meon, is not finiſhed but in the Space of 29 
of the ”" Days and a half; and the Moon does every Day recede 


Moon from the San about twelve Degrees and ſome odd Mi- 


from the nutes, which is called the diurnal Motion of the Moon 
*. from the Sun. 

Ir the Plane of the Moon's Orbit coincided with 

the Plane of the Ecliptick, that is, if the Earth and 

Mr moved both in the ſame Plane, the Way of 

the Moon in the Heayens ſcen from the Earth, would 

be exactly the ſame with the Circle the Sun is ſeen 

to deſcribe; only the Sun would be obſerved to de- 

ſeribe that Circle i in the Space of a Year, which the 

Moon does in a Month. Now, in reality, the Plane 

in which lies the Moon's Orbit, is not coincident 

with the Plane of the Ecliptick; but theſe two 

Planes cut one another in a right Line, which paſſes 

through the Center of the Ban; and they are in- 

_ to one another in an Angie of about five De- 


gree 
Plate V. L E T AB be a Portion of the Barths Otbit, T 


Fig. 7. the £arth, and let the Circle CDEF repreſent the 


The Moon Orbit of the Moon, in which is the Center of the 
2 ze Earth; with the ſame Center T, in the Plane of the 
Ecliptick. Ecliptick, let there be deſeribed another Cirele 
| CGDH; whoſe Semidiameter may be equal to the 
Semidiameter of the Moon's Orbit; theſe two Cir- 

cles being in different Planes, and having the fame 


Center T, will interſe& each other in a Line DC, 


which paſſes through the Center of the Earth; and 


CE D, one half of the Orbit of the Moon, will 
riſe above the Plane of the Circle CGH, towards 
the North. The other half of the Orbit DFC 
will be deprefied below it, towards the South. The 
Bebe Line DC, wherein the two Circles cut one 


another, 


fore the whole 7 ads on, or Time from New Man to 


1 
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another, is called the Line of the Nedes ; and the Lecture 


Points of the Angle C and D are called the Nages. IX. 


And the Node C, where the Moon aſcends Northward 
above the Plane of the Ecliptick, is called the g/ The Line 


- cending Node, and the Head of the Dragon, and is & Nodes. 


thus marked 2, The other D, from whence the Fas ene 
Moon deſcends to the South, is named the deſcending agen 
Node, and the Tail of the Dragon, which by the gon's 
Aſtronomers is marked in this Manner 8. If the Head. 
Line of the Nodes were immoveable; that is, if it The de- 
had no other Motion, than that whereby it is carried d& 
round the Sun, it would always look to the ſame the Dra- 
Point of the Ecliptick, that is, it would always keep gon's Tail. 


parallel to itfelf, as we ſhewed the Axis of the 


Earth ought to do: But we find by Obſervation, 
that this Line of the Nodes does conſtantly change 
its Place, and ſhifts its Situation from Baſt to Met, 
contrary to the Order of the Signs; and by a retro- 
grade Motion finiſhes its Circulation in the Com- 


paſs of almoſt nineteen Years: After which Time 


either of the Nodes, having receded from any Point of 
the Ecliptick, returns to the ſame again. And when 
the Mcon is in the Node, ſhe is alſo ſeen in the 
Ecliptick. "x 3 | 

HENCE it is evident, that the Moon can never The retro- 
be obſerved preciſely in the Ecliptick, but twice in ade ** 
every Period, that is, when ſhe enters the Nodes; NES - 
when ſhe is in any other Place of her Orbit, the 
deviates from it, and is ſometimes nearer, fometimes 
further removed from the Ecliptick; according as 
ſhe happens to be nearer, or further off from the 
Nodes: But ſhe is at her greateſt Diſtance from the | 
Nodes, when ſhe is in the Points of her Orbit E or * 
F, which are the Middle Points between the Nodes; 
and theſe Points are called the Limits. The Diſtance 23% Li- 
of the Moon from the Ecliptick is called her Lati- mits. 
titude, which is meaſured by an Arch of a Circle The 
drawn through the Moon, perpendicular to the Eclip- Moon's 
tick ; the Arch of this Circle "intercepted between * 
the Moon and the Ecliptick, meaſures the Moon's 

| H 2 | g Latitude, 
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ASTRONOMICAL 


Lecture Latitude, or her Diſtance from the Ecliptick : And 


X. 
AYR 


The Orbit 
of the 
Moon an 
Ellipſe. 


Plate VI. 
Fig. 1. 


The 


Moon's 


Apogeon, 
aud Peri- 


geon. 


therefore ſuch Circles, perpendicular to the Ecliptick 


are called Circles of Latitude; the Latitude of the 


Mom, when it is at the biggeſt, as in E or F, does 
never exceed five Degrees, and about eighteen Mi- 
nutcs, which Latitude is the Meaſure of the Angles 
at the Nodes. 


EY NCY DOES DIY OY CO 
GIS LENS ( 


VV 


Of the Inequalities in the Lunar Motions. 
The Face of the Moon, ber Mountains 
and Vallies. | | 


XF*#BSERVATIONS have diſcovered 
EL to us, that the Diſtance of the Moon 
F O # from the Earth does conſtantly change; 
fs vYy ſometimes the Moon comes nearer to us, 
YL FLEX ſometimes goes further from us; the 


Reaſon of which is, becauſe the Moon does not move 


in a circular Orbit, which has the Earth for its Cen- 


ter: But the real. Orbit of the Moon is of an Elliptick 


Form, ſuch as is repreſented in the Figure ABP D, 
one of whoſe Focuſes is always the Center of the 
Earth; AP. is the greater Axis of the Ellipſe, and the 
Line of the Ap/ides T C is the Excentricity ; the 
Point A, which is the higheſt Apſis, is called the 
Apzgeon of the Moon; the loweſt Apſis, which is the 
Point P, is called the Perigeon, in which the Moon 
comes neareſt the Zarth. And if the Orbit of the 
Aocn had no other Motion beſides that wherewith it 
f | 18 
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is carried round the Sun, it would always retain a Po- Lecture 
ſition parallel to itſelf, and would always point the & 
ſame Way, and be obſerved in the ſame Point of the : 
Eclipticx; and whenever the Moon came to that 
Point, it would conſtantly be at the ſame Diſtance 
from us: But this Line of the Apſides is likewiſe ob- 
ſerved to be moveable, and to have an angular Motion 
round the Earth from the 7/2 towards the Eaſt, ac- 
cording to the Order of Signs; ſo that it does not 
return to the ſame Situation, till after the Space of 
almoſt nine Years. FEES 

- THE Motions of the Moon, and that of her Orbit, Tz, re. 


do not obſerve the ſame Inequalities. For, F:r/t, qualities of 


When the Earth is in her Aphelion, at the greateſt “e Motions 
Diſtance from the Sun, the Moon being fo likewiſe, fn 
the Moon does ſomewhat quicken her Pace, and per- 
forms her Circulation in leſs Time. On the contrary, 
when the Earth approaches nigheſt to the Sun in the 
Perihelion, the Moon is likewiſe nearer, and then ſhe 
ſlackens her Motion: Upon which Account it is, that 
the Moon revolves about the Earth in ſhorter Time, 
when the Earth is in her Aphelion, than when ſhe is 
in her Peribelion; ſo that the Periodical Months are 
not all equal. Ss 

Secondly, When the Moon is in the Syzygia, that is, Syzygia. 
in the Line which joins the Centers of the Earth and 
Sun, (which may be either in her Oppoſition or Con- 
junction) all other Things being alike, ſhe has a 
ſwifter Motion round the Earth But in the Quadra- 
tures ſhe goes ſlower. . | 

Thirdly, According to the different Diſtance of 
the Moon from the Syzygia, that is, from Oppoſition 
or Conjunction, ſhe changes her Motion; and in the 
firſt Quarter of her Motion, that is, from Conjunc- 
tion to her firſt Quadrature, ſhe loſes ſomething of 
her Swiftneſs : In her ſecond Quarter, from the Qua- 
drature to her Oppoſition, ſhe increaſes in Velocity: 
In her third Quarter, from Oppoſition to the lat | 
Quadrature, ſhe again loſes of her Motion; and from 
that Quadrature to the Conjunction, ſhe again reco- 
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centricity, 
change- 
able. 


The Apo- 
geon has 
an unequal 
Mot. g. 


ASTRONOMICAL. 
vers her Swiftneſs. This Inequality in the Moons 
Motions was firſt diſcovered by the noble Tycho, who 
called it the Moon's Variation, _ 5555 
 Fourthly, The Moon moves in an 1 whoſe 
Focus is in the Center of the Earth, round about which 
ſhe deſcribes Areas proportional to the Times, as the 
primary. Planets do round the Sun; whence the Mo. 
tion of the Mocn mult be quickeſt in the Perigron, 
and ſloweſt in the Apogeon. 3 3 

Fifthly, The very Orbit of the Moon is changeable, 
and does not always keep. the ſame Figure ; but its 
Excentricity does now and then grow greater, and 
now and then it diminiſhes : And it is greateſt, when. 
the Line of the Apſides is coincident nul Syꝛzygia, 
or is in the Line which joins the Centers of the Sun 
and Earth: And the Excentricity is the leaſt, when 
the Line of the Ahſides cuts the other at right Angles, 
The Difference between the greateſt and leaſt Excen- 
tricity is ſo confiderable, that it exceeds the half of the 
leaſt Excentricity. *** 8 1 8 

Sixthly, The very Apogeon of the Moon has an 
unequal Motion, and ſometimes moves forward, and 
ſometimes backward; when it is coincident with 
the Syzygial Line, its Motion is forward; but when 
it cuts that Line at right Angles, its Motion is 
backward, and its Progreſs and Regreſs are no 
ways equal. But when the Moon is in her Quadra- 
tures with the Sun, the Apageon goes but flowly for- 
ward, or even may ftand ſtill, or go backward. 
But when the Moon comes to be oppoſite: or con- 
Joined to the Sun, the Apogeon has a quick Motion 
forward, 5 | 

Szventhly, The Motion of the. Nodes is not at all 
uniform; for when the Line of the Nodes coincides 
with the Line of the Syzygia, then they ſtand {til} 
without any Motion; but when they cut that Line 


at right Angles, they go backward, or from Ee/t to 
WH, with a conſiderable quick Motion, The moſt 


ſagacious Sir ISA AC NEWTro was the firſt, and 
the only Man, who has diſcoyered the true Cauſes 


of 


J 


of all theſe Inequalities; and has demonſtrated, that Lecture 


they all arife, according to the Laws of Mechaniſm, 
from the Theory of Gravitation of Matter to Matter. 
It is very ſurpriſing, that the Moan, which of all the 
heavenly Bodies is neareſt to us, ſhould be of ſuch 
difficult Acceſs; and that it ſhould be ſo hard to find 
out her Ways, and the Cauſes of all her Irregu- 
larities. | : W 
THE only equal Motion of the Aon is that The Moon 
wherewith ſhe turns round her Axis in the ſame moves uni- 
Time that ſhe moves round us in her Orbit; from) mly a- 
wheffce it comes to paſs, that ſhe always keeps the 7 rorkags 
ſame Face towards us: But this very Equability ian 
Rotation is the Cauſe of an apparent [nequability ; 
that the Moon appears to librate about its Axis ſome- 
times from the Ea to the Mei, and now and then 
from the Veſt to the Eat; and that ſome Parts in 
the Weftern Limb or Margin of the Avon recede 
from the Center of the Diſk, and ſometimes they 
move towards it. Some of theſe: Parts, which were 
before viſtble, ſet and hide themſelves in the inviſible 
Side of the Moon, and afterwards become again con- 
ſpicuous. Such a Motion in the Moon is called her 
Libration, and it ariſes from the unequal Motion of The 
the Moon in the Perimeter of her Orbit: For if the Moon's 
Maon moved in a Circle, whoſe Center coincided Libration. 
with the Center of the Earth, and turned round its f 
Axis in' the preciſe Time of its Period round the 
Earth, in that Caſe the Plane: of the ſame Lunar 
Meridian would always paſs through the Earth; and 
the ſame Face of the Moon would be conſtantly and 
exactly turned towards us. But ſince the real Mo- 
tion of the Moon is in an Ellipſe, in whoſe Focus is 
the Earth, and the Motion of the Moon about her 
Axis is equable; or, which is the ſame Thing, 
every Meridian of the MAaon by this Rotation de- 
ſcribes Angles proportional to the Times, the Plane 
- W one Meridian will conftantly paſs through the 
N | Te | 
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ASTRONOMICAL 


Lecture Fox let ALP be the Orbit of the Mon, in 


X. 


whoſe Focus is the Earth in T; and when the Moon 
is in A, its Meridian MN produced, will paſs thro? 


Plate VI. the Earth: And if the Moon only revolved in her 


Fig. 2. 


Orbit, without any Motion round an Hats, the ſame 
Meridian MN would always keep a Poſition parallel 
to itfelt; ſo that when the Aon comes to L, the 
Meridian MN would be in the Poſition P Q , which 
is parallel to MN; but on the Account of the 
eguable Rotation, the Meridian M N changes its Si- 
tuation, and deſcribes Angles proportional to the 
Times; fo that in the periodical Time of the Moon's 
Revolution round the Earth, it deſcribes four 
right Angles; and therefore in Lit. will have the 
Poſition mLn; ſuch that the Angle Q Ln may 
have the ſame Proportion to a right Angle, as the 
Time the Moon takes to deſcribe the Arch A L has 
to a fourth Part of the periodical Time. But the 
Time the Moon takes to deſcribe the Arch AL. is 
to the fourth Part of the periodical Time, as the 


Area A TL is to the Area ACL; that is, to 2 


Part of the Area of the Ellipſe: Therefore the Angle 
Qn will be to a right Angle in the ſame Pro- 
portion. But the Area ATL is greater than the 
Area ACL, or than the fourth Part of the Area of 
the Ellipſe: The Angle therefore QL n will be 
bigger than a Right, or bigger than QL C; but 
ALC 'is bigger than QLT:; wheretore QLn 
will be much bigger than QLT. The Meridian 
therefore M N,-whoſe Plane paſſed. through the 


Earth, when the Moon was in A, now: the Mon is 


arrived at L, does not look towards the Earth. 
And therefore the Hemiſphere of the Mean which is 
towards the Earth, the Aeon being at L, is not the 
ſame with that which was towards the Earth when 
the Moon was in A; and thoſe Parts of the Moons 


Surface beyond Q will come under Obſervation, 


which before, when rhe Moon was in A, were not to 


be ſeen, being in the Side of the Maon quite oppoſite, 


to us. But as ſoon as the Moon arrives at her Pe- 
EY rigeon 


LECTURES. | os 


regeon P, then the Meridian M N has deſcribed in Lecture 
its Rotation a Semicircle; and then again its Plane X. 
paſſes through the Earth, and the former Point N will Cad 
be directly towards us, and be in the Center of 
the Diſk. Hence it is evident, that this Libration 
of the Moon is reſtored twice in each Period of the 
Moen, that is, when ſhe comes to her Apogeon and 
Perigeon. | +20 

Ir the Surface of the Moon were ſmooth and po- The Sur- 
liſhed like a Looking-glaſs, it would not then refle, face of the 
Light upon all Sides, and every Way; but it would ae oe 2* 
ſhew us only in ſome Poſitions the Image of the ,,,,-.;.- 
Sun, no bigger than a Point, but with an immenſe ozs. 
Luſtre, But as in all our Earthly Bodies, ſo in the 
Moon, its Surface is very rough and uneven z upon 
which Account it diffuſes the Lizht by reflecting it to 
all Sides, without producing any Image of the Sun, as 
poliſhed Glaſſes do. 255 | 

Bur the Surface of the Moon is not only rough A Demon. 
and uneven, but there are upon it-moſt prodigious/fration 
high Mountains,, and deep Vallies, which cover the ey 
whole Face of the Moon: This we. thus prove. If ain N 
there were no Parts in the Moon higher than the Moon, 
reſt, no prominent Points, then à Right Line in 
the Dichotomy or Quadrature, and 'an Elliptick Line 
in all the other Phaſes, would terminate the light 
and dark Parts of the Diſk ;. But when the Moon is 
viewed with a Teleſcope, we find that there is. no 
regular Line, which ſeparates Light and Darkneſs in 
the Moon's Surface; but the Confines of theſe Parts 
appear, as it were, toothed, and cut with innu- 
merable Notches and Breaks; and even in the dark 
Part near the Borders of the lucid Surface, there 
are ſeen ſome ſmall Places enlightened by the Sun's 
Beams: And upon the' fourth Day after New Moon, 
there may be perceived ſome ſhining Points, like 
Rocks or ſmall Iſlands, within the dark Body of the. 
Moon; but not far from the Confines of Light and 
Darkneſs, there are obſerved other little Spaces, 
which join to the enlightened Surface, but run out 
| F : into 
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4STRONOMICAL 


Lund into the dark Side; which by Degrees change their 


Fd 


Figure, till at laſt they come wholly within the illu- 
ſtrated Face, and have no dark Parts round them. 
Afterwards we obſerve many more ſhining Spaces to 
ariſe by Degrees, and to appear within the dark Side 
of the Moon, which, before they drew near to the 
Confines of Light and Darkneſs, were inviſible; 
being without any Light, but wholly immerſed in 
the Shader, The contrary is obſerved in the de- 
creaſing Phaſes, where the lucid Spaces which joined 
the illuminated Surface, by Degrees recede from it; 
and after they are ſeparated quite from the Confines 
of Eight and Darknefs, remain for ſome Time viſi- 
ble, till at laſt they alſo diſappear: Now it is impoſſi- 
ble that this ſhould be, unlefs theſe ſhining Points 
were higher than the reſ of the Surface, ſo that the 
Eight of the Sun may reach them. | 
THESE ſhining Points ſituated in the Moon's Sur 
face, without the Confines of the illuminated Sur- 
face, are the Tops of very high Mountains, which 
riſing far above the other Parts of the Surface, are 
ſooner reached by the Sun's Beams, and remain longer” 
in the Light, than the reſt of the Parts do which 
are lower. Befides thefe, we likewiſe obſerve, even 
in the illuminated Face of the Moon, many dark | 
and obſcure Spots, which ſeem to be only Caverns, 
or large Cavities; on which the Swn ſhining very” 
obliquely, and touchin 1 5 their upper Edge with 
his Light, the deeper Places remain without Light: 
But as the Sun riſes higher upon them, they receive 
more Light, and the Shadow or dark Parts grow } 
ſmaller and ſhorter, till the dun comes at laſt to 
ſhine directly upon them, and then the whole Ca- 
vity will be illuſtrated, and the Parts which were 
obſeure before will then look as bright as the Tops 
of the Mountains. From theſe conſtant Obſerva- 
tions, it is plain to a Demonſtration, that the 
's Face is covered with Mountains in ſome Places, 
and that in others it is cut with deep Pits and Ca- 


verns. | 
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TRE Lunar Mountains are much higher in Pro- Lecture 
portion to the Body of the Moon, than any Moun- X. 
tain upon our Globe; for the Geometers can take 


the Height of them, as. eaſily as they can find the The Lunar 
Meaſure of a Mountain upon our Earth. The Mountains 


Way of finding the Height of a Lunar Mountain * than 
is this: Let EG D be the Hemiſphere of the Mon ,,;.. of the 
illuminated by the Sun, and ECD the Diameter Earth. 
of the Circle, bounding Light and Shadow, A the Plate VI. 
Top of a Hill, within the dark Part, when it firſt Fig. 3. 
begins to be illuminated. Obſerve with a Teleſcope 

the Proportion of the Right Line AE, or the Diſ- 

tance of the Point A, from the lucid Surface, to 

the Diameter of the Moon E D; and becauſe in this 4 Method 
Caſe, the Ray of Light ES touches the Globe of —— 
the Moon, AEC will be a right Angle, by the 16th | 
Prop. Book Third of. Euchd: And therefore, having 

in the Triangle AEC, the two Sides AE and 

EC, we can find out the third Side AC, from 

which ſubducting BC, or EC, there will remain 

A B, the Height of the Mountain. Ricciolus affirms, 

that upon the fourth Day after New Moon, he has 
obſerved the Top of the Hill called St. Katherine 

to be illuminated, and that it was diſtant from the 
Confines of the lucid Surface, about a ſixteenth Part 

of the Moon's. Diameter, or an eighth Part of her 
Semidiameter. And therefore if CE be 8, AE 

will be 1; and the Square of AC will be equal to 

the Squares of CE and EA, by Prop. 47, Book 

Firſt, of Euclid, Now the Square of CE being 64, 

and the Square of AE being 1, the Square of AC 

will be 65, whoſe Square Root is 8,062, which ex- 

preſſes the Length of AC: From whence deducting: 

B CS, there will remain A B=0,062. So that 

CB or CE is therefore to AB, as 8 is to 0,002 ; 

that is, as 8000 to 62: And therefore, ſince the Se- 
midiameter of the MAoon is 1182 Miles, if we make 
dhe Proportion at 8000 to 62, fo 1182 is to ꝙ: we 
wall have 9 Miles for the Height of that _— 
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108 ASTRONOMICAL 
| 1 ee which is therefore three Times higher than the Tops 
X. of our higheſt Hills on Earth. 

2 WHOEVER ſhall contemplate the Face of the 
Great Fa. Moon with a Teleſcope, will diſcern it diſtinguiſhed 
rieties to be with an admirable Variety of Spots; ſome Parts have 
aber ved ix a moſt bright Luſtre, and ſome Philoſophers have ima- 
4 MY gined them to be Rocks of Diamonds; others have 

compared them to Pearls, or ſome precious Stones: 

But they ſeem to be the ſolid Parts of high Moun- 
tains, which are endued with a Quality whereby they 
ſtrongly reflect the Light. There are again other 
Places and Parts of the Moon's Face, and they are not 
a few nor ſmall, which look dark and of a duſkiſh* 

Colour, which the Philoſophers have fanſied to be 
There are Seas, Lakes and Fens: But yet we find, that they 
* Seas. cannot be Seas, nor any thing of a liquid Subſtance; 
for when they are looked at with a "Teleſcope, we 

find they conſiſt of an Infinity of Caverns and empty 

Pits, whoſe Shadows fall within them; which can 

never be in a Sea or liquid Body. Theſe black Spots 
therefore cannot poſſibly be Seas: But they conſiſt of 

ſome darker and ſad- coloured Matter, which does not 

reflect the Light ſo ſtrongly, as the ſolid and ſhining 
Mountains do. But even within theſe dark Spots, | 
we obſerve ſome Bodies of a brighter Light, where. 1 
with they outfhine the reſt. 9 
No Clouds, THERE ſeem to be no Clouds nor Vapours in 
the Moon, from whence Rain may be generated: For 

ſuch Clouds would ſometimes cover the Face of the 
Moon, and hide ſome of its Regions from our Sight, 
which we never obſerve them to do: But in the Moon 

there is a conſtant Serenity, without any dark Wea- 
ther; and when there are no Clouds in our Air, the 

No Atmoſ: Moon conſtantly appears with the fame Luſtre. It is 
phere. probable likewiſe, that the Moon has no Atmoſphere” 
to ſurround it: For the Planets and Stars, which 
ſometimes are ſeen very near its Limb, have not 

their Light refracted, as when it paſſes through oh 
888 c | | 
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LECTURES. 


Tre Afronomers have drawn the Face of the Lecture 
Moon according as it is ſeen with the beſt Tele- 
ſcopes ; for which we are obliged to the accurate 
Labours of theſe famous Selenographers, Florentius, The Sele- 
Langrenus, Fohn Hevelius of Dantzig, Grimaldus and nogra- 
Ricciolus, Italians; who have taken particular Care phers or 
to note all the ſhining Parts of the Moon's Face 
and for the better diſtinguiſhing them, they hav 
given to each Part a proper Name. 
Ricciolus have divided the Lunar Regions among the Moon's 
Philsſophers and Aſtronomers, and other eminent Surface. 
Men: But Hevelius, fearing leit the Ph:l:ſophers 
ſhould quarrel about the Diviſion of the Lands, has 

ſpoiled them of this their Property, and gives the 

Parts of the Moon thoſe Geographical Names, that 
belong to the different Iſlands, Countries and Seas 

ithout any Regard to Situation or 
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N ſhews the great Sagacity of human 


LECTURE A 


Of the Obſcurations or Eclipſes of the Sun 


and Moon. 


HERE is nothing in Afronomy, which 


T ## Underſtanding, and its deep Penetra- 


S tion more, than a clear Explication of 


E the ſudden Diſappearings of the Sur 
and Moon, that is, of their Eclipſes; and the accu- 


rate Predictions when they are to come to paſs, which 


Aſtronomers can now forete] almoſt to a Minute. 


Though this be the niceſt and moſt ſubtle Speculation 


of our Science, yet it is certain and undoubtable, than 


which 


? mers, who 
© have de- 
Langrenus and ſcribed the 
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Lecture which nothing gan be more ſublime, or worthy ot f 


X. 


avhat * c 


our Contemplation. 


TAE Word L£clipſe is derived from the Great | 


Caron mmumnd . 0 0 
Ar Eclipſe, idr, which ſignifies to faint, or to ſwoon away; 


So ſick and dying Perſons, when a ſwooning Fit, ane 
a Death-like Faintneſs comes over them, were ſaid 7 


the Greeks to fall into an Eclipſe: After the ſame | 
Manner, the Moon, when the fthines with a füll 
Face, if ſhe falls into the Shadow of the Earth, does 


lofe the enlivening Beams of the Sun's Light, an 
grows pale, as if ſhe were about to die. And the 
Sun again, when the Moon interpoſes her Body, and 
deprives us of all his Heat and Light, though in 


himſelf he retains his Luſtre, yet to us he ſeems to 


vaniſh and grow dark. At ſuch Times the Sun and 
Mon are ſaid to ſuffer, and fall into an Eclipſe. The 
Eclipſes muſt be here explained: And, that we maß 
begin from the firſt Principles : | "4 


A Shadow, I is to be obſerved, that all opake and dark Bodies, | 


EC evhat. 


when they are expoſed to the direct Light of the Su 
caſt a Shadow behind them, that is oppoſite to the 


Line the Sun is in. This Shadow is nothing but the | 


Loſs or Privation of Light, in the Space oppoſite to 
the Sun, by Reaſon the Sun's Rays are intercepted by Þ 
the opake Body. Now, ſince the Earth is an opabe 
Body, it muſt likewiſe caſt a Shadow towards the Space” 
oppoſite to the Sun; in which Space, if the Moot | 
ſhould come, it muſt neceſſarily be darkened, and 
loſe the Light which it had before from the Sun. And 


Plate VI. becauſe the Figure of the Earth is Spherical, the 
Fig. 45,6. F. igure of the Shadow would be Cylindrical, if the 


The Figure AND in both theſe Caſes, the Shadow would 
of the 
Shadow. 


Earth and Sun were of equal Bigneſs, or if the Earth 
were bigger than the Sun, the Shadow would have the? 
Figure of a Cone, which had loſt a Piece at his Top 
or Vertex; and the farther it were extended would 
grow thicker and thicker: | 


run out into infinite Space, without ever having 1 

End: And then it would involve ſometimes the othet 

Planets, Mars, Fupiter, and Saturn, within it, wheg 
* — 
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they come to be oppoſite to the S, and enter within Lecture 
that Space; but this is never obſerved, for then theſe XI. 
Planers would be eclipſed: And therefore the Sun , 
muſt neceſſarily be greater than the Earth, whoſe he Sun 
Shadow muſt conſequently be of a conical Figure, bigger 
and end in a Point. | _ than the 
Bor the Mon, ſince its Diameter is contained Earth. 
about three Times in the Diameter of the Shadow, 
and the Diameter of the Shadow 1s leſs than that 
of the Bartb, muſt needs be much leſs than our 
Karth. | | | 
Lr 8 repreſent the Sun, I the Earth, and the Plate VI. 
Cone AB C the Shadow. It is evident, there can Fig. 7. 
be no Line drawn from the Sun, to any Point of the 
Space ABC, which does not fall upon the Earth - 
And therefore, fince the Earth is an opake Body, it 
will not ſuffer any Rays to paſs through, or to illu- 
rate the Space A BC, Now, if the Afoon, when 
ſhe is oppoſite to the Sun, ſhould come into this 
Space, ſhe muſt then be involved in Darkneſs ; and 
would then ſuffer an Eclipſe in the very Time of Full 
Moon. 
THE Moon likewiſe, upon the ſame Account, yen there 
muſt have a Shadow of a conical Figure oppoſite to can happen 
the Sun; and if this Shadow ſhould fall upon the an Ecliſe 
Earth, which can never happen but when the Moon Nice 
is in Conjunction with the Sun, the Inhabitants of 
the Earth, on whom the Shadow falls, will be in- 
volved in Darkneſs ; and the Sus will ſeem to them 
to be in an Eclipſe, ſo long as the Shadow covers 
them; but becauſe the Moon is much leſs than the 
Earth, its Shadow can never cover the whole Earth, 
but only a ſmall Part of it, ſuch as BC: And with- plate VII. 
in that Space only, where the Shadow comes, Fig. 1. 
_ there will be total Darkneſs; and the reſt of the cir- 
== cumjacent Places will be illuſtrated with ſome of the 
== %'s Beams, and their Inhabitants will only ſee a 
Part of the Sun's Diſk obſcured ; which will be 


7 greater or Jeſs, according as they are nearer or fur- I 
= ther removed from the Shadow: Particularly they 1 
LE 5 who i 
+ | 9 
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Lecture who live about P, will ſee half the Sun eclipſed ; 
XI. but whoſoever lives between M and N, will fee at 
the ſame Time all the Sun's Body, and perceive no 
In ſome Eclipſe. | 

Places off HENCE it is manifeſt, that there can be no Eclipſe 
the Earth of the Moon but in Full Moons, when the is oppoſite 
= ye to the Sun; as the Shadow always is. Nor can there 
iin be any Eclipſe of the Sun but in the New Moons, 
others par- when the is in Conjunction with the Sun, for then 
tial, and only ſhe can caſt her Shadow on the Earth. Since 
| in other % therefore in every Month there is one Full Moon, 
When ax and one New Moon; it may be aſked how it comes 
Eclipſe of that the Sun and Moon do not ſuffer Eclipſes every 
the Sun Month. And indeed if the Moon did always move 
bappens. in the Plane of the Ecliptick, ſince the Axis of the 
Shadow ' is always in the fame Plane, the Moon 

would then every Full Moon paſs through the Body 
of the Shadow, and there would be a total Eclipſe of 

the Moon. ' So likewife in every New Moon, if ſhe 

were not then too far off us, ſhe would caſt her 

Why there Shadow on the Earth, and produce an Eclipſe of the 
happen not Sun, inn ſome or other of the Regions of the Earth, 
Eclipſes of But the Caſe is otherwiſe; for we have * ſhewed, 
the Sun that the Plane of the Moon's Orbit does not coin- 
2 Nn cide with the Plane of the Ecliptick, but that it cuts 
Bonk. it in a Line, which paſſes through the Center of 
the Earth: And therefore the Moon is never in the 

Plane of the Ecliptick, but when it is in this 

Line, waich is the Interſection of the two Planes, 

that is, when it enters the Nodes. And therefore, 

when it happens, that the Afoon at Full ſhall like- 

wiſe be in one of the Nodes; then the Axis of 

the Shadow will paſs through the Center of the 

Moon, and then ſhe will be in a total and cen- 

Plate y11. tral Eclipſe. Let the Circle MN repreſent the 
Fig. 2. ' tranſverſe Section of the Shadow, at the Diſtance 
Total and of the Moon; and the Line CD a Portion of 
—_ the Orbit of the Moon, which the Moon deſcribes 
Ry in the Time of Full Moon; which, becauſe it is but 
'A {mall Portion, | may be well enough * 
7 
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by a right Line: Let the right Line BG A be in the Lecture 
Plane of the Ecliptick, and let F be the Poſition of XI. 
the Moon's Center, when ſhe firſt touches the Sha- — 
dow; E the Poſition of the ſame Center, when ſhe 

firſt leaves it; G the Center of the Moon, when the 

Axis of the Shadow paſſes through it: It is evident; 

that ſuch an Eclipſe will be Central and Total; and 

there will be always ſuch Eclipſes; when the Center 

of the Moon, and Axis of the Shadow, meet in the 

Nedes. Hence the Duration or Time that an Eclipſe 

can laſt, may be as long as the Moon is paſſing 
through an Arch, that is, equal to EF, or four 
Diameters of the Moon, that is, about two Degrees, 

which Space the Moon generally moves through in 

the Space of four Hours.. | 

BECAUSE of the Largeneſs of the Diameter of 

the Shadow in Compariſon of that of the Moon; there 

may be total Eclipſes, which are not central; where 

the Node does not coincide with the Axis; and may 

even lie without the Shadow, as the Figure ſuffici- plate VII. 
ently ſnews. The Node may likewiſe be at ſuch a Fig. 3. 
Diſtance from the Shadow, that there may be only a 

Part of the Moons Body that can enter it; and then 


we ſhall have a partial Eclipſe of the Moon, as is partial 


manifeſt by the Figures; and theſe partial Eclipſes Zclip/es- 
will be greater or leſs, according as the Diſtance Plate VII. 
of the Node from the Shadow is leis or greater. But Fig · 4, $+ 
when it happens that the Node, in the Time of Full 
Moon, is further removed from the Axis of the Sha- 
dow than twelve Degrees, the Moon then will have 
ſo much Latitude, or its Diſtance from the Ecliptic 
will be ſo great, that it cannot be obſcured by the 
» ĩÜ oðiZn mort. n5t7 9s 572 | 

As the Shadow of the Earth caſt upon the Moon ge Her ef 
produces an Eclipſe of the Moon, fo, if the Shadow the Ea 
of the Moon ſhould fall upon the Earth, it will eauſe 
an Eclipſe of the Earth, at leaſt on that Part of the 
Earth on which the Shadow falls. For the Moon be- 
ing much leſs than the Earth, cannot with its Sha- 
dow involve the whole Diſk of the Earth, but only a 

| * very 
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Lecture very ſmall Part of it; and fo all the Eclipſes of the 
XI. Zarth will be Partial, and not Total; and ſuch 
p Eclipſes will only produce a Darkneſs upon thoſe Places 
where the Shadow falls; and the Inhabitants with- 
in this Shadow will only ſee the Sun totally darkened, 
and therefore they will call them Eclipſes of the Sun: 
But this is improperly attributed to the Sun, who all 
the Time retains his Light without the leaſt Diminu- 
tion; and it is only thoſe Inhabitants of the Earth 
that are under the. Shadow, that are truly eclipſed and 

involved in Darkneſs. Renk | 
THAT we may deſcend more particularly to ex- 
plain the Phænomena or Appearances of Eclipſes; 

it will be requiſite to ſhew the Method of meaſurin 

the Dimenſions of the conical Shadows of both Ear: 
and Moon: For which Purpoſe, we will firſt lay 
Lines down the following 'Pofulatum : If from the Center 
| drawn Of the Sun there be drawn right Lines to every Point 
from the of the Earth, or to as many as you pleaſe, theſe Lines 
Center of may all of them be efteemed as parallel. For paral- 
the SUN #9 Jel Lines are ſuch. as do not meet till they are pro- 
the duced to an infinite Diſtance; and therefore fuch 
Earth, may Lines as do not meet but at a Diftance immenſely 
be reckoned great, in Compariſon of the Diſtance of the Lines 
as parallel. from one another, are nearly, or, as we may fay, 
phyhcally parallel ; that is to ſay, they will have the 
fame Effect in Nature, and the phyſical Obſervations 
that are to be made from them, will be the ſame, 
as if the Lines were abſolutely parallel. Now the 
Diſtance of the Earth from the Sun is fo great, that 
the Diameter of the Earth, compared with it, is 
but a Point, as is now acknowledged by all Mathe- 
maticians; for this Diameter, ſeen from the Sun, 
does appear under an unperceptible Angle, or which 
is ſo ſmall, that the Eye cannot obſerve it, and the 
Earth appears only like a Point: And therefore, in 
Compariſon of the great Diſtance of the Sun, it va- 
niſhes; and conſequently. Lines drawn from the 
Center of the Sun to different Parts of the Earth, 
will be at leaſt phyſically parallel. — it is 
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known in Geometry, that if a right Line falls upon Lecture 
two other right Lines ſo as to make the two inter- > © hy 
nal Angles on the ſame Side equal to two right An- 
gles, that theſe two Lines on which it falls are pa- | 
rallel, by 29 Prop. Book Firſt, of Euclid. Let there- Plate VII. 
fore the Line AB be the Diameter or Semidiameter Fig. 6. 
of the Earth, and C the Center of the San; draw- 
ing AC and BC, the Angles A, B, and C, of the 
Triangle ABC are equal to iwo right Angles: Now 
the Angle C at the Sun vaniſhes, and is next to no- 
thing; for the Earth ſeen from the Sun, looks like a 
Point; and therefore the Angles at A and B muſt 
make by themſelves two right Angles very nearly, 
and therefore the right Lines AC, BC, are nearly 
parallel. It is upon the ſame Account, that if there 
be taken two Threads with Plumbets to make them 
hang perpendicularly, the Directions of thoſe Threads 
are by all Artificers eſteemed as parallel, though their 
Directions will meet at the Center of the Earth, 
to which all heavy Bodies have a Tendency or Propens 
W. 
* we have ſaid in this Caſe concerning the 
Earth, is alſo true of the Man; for its Diameter 
has a much leſs Propottion to the Diſtance of the 
Sun, than that of the Earth has to it. And not only 
Lines drawn from the Sun to any Points of the Earth 
and Moon, are to be reputed parallel; but if there 
be two Lines drawn, one from. the Center of the 
Sun to the Earth, the other from thence to the Moon, 
theſe may be likewiſe taken as Parallels; for they 
will not ſenſibly differ from a Paralleliſm, efpeciall 
in the Time of Eclipſes: The Difference of thels 
Lines from real Parallels is ſo ſmall, that it will 
make no ſenſible Error in the Calculation of Eclipſes, 
WE likewiſe premiſe the following Lemma, which 
is eaſily demonſtrated : 5 4 
Ir two right Lines AE, BF, touch a Circle, and plate VII. 
there be drawn from the Points of Contact to the Center, Fig. 7. 
the Lines AD, BD; the Angle at the Center contained 4 Lemma. 
under theſe Lines will be equal to the Angle that the 7 
0 | n 12 Tangents 
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Lecture Tangents make with one another. For in the four- 
XI. ſided F * GAB D, all the Angles make four 
Ln, — Þ Rights: But the Angles A and B make two Rights, 
4 by the 18th Prop. Book Third, of Euclid: Where- 
fore the Angles AGB and D, are equal to two 
Rights. But by the 13th Prop. Book Firſt, of Euclid, 
the Angles AGB and EGB are equal to two right 
Angles; and therefore the Angles 5 and E GB are 
equal, ſince the Angle AGB makes two right Angles 
| with either of them. — es 
| The Di- LET the Circle AB K repreſent the Globe of the 
menfion of Earth, AM the Line which joins the Centers of 
7 9 2 the Sun and Earth; to which let the Diameter 
zical Sha- CB be perpendicular: If from B there be drawn to 
dau. the Center of the Sun the Line E F, this Line will 
Plate VII. be parallel to the Line C M, as has been ſhewn: 
Fig. 8. Make the Angle BCD equal to the apparent Semi- 
diameter of the Sun; that is, equal to the Angle 
under which the Semidiameter of the Sun is ſeen 
from the Eartb, and then through D draw the Tan- 
gent DG. By the Lemma above demonſtrated, the 
Angle GEF will be equal to the Angle B CD, or 
to the apparent Semidiameter of the Sun; and there- 
fore, ſince the Line B F produced goes to the Center 
of the Sun, the Line GE D muſt touch its Circum- 
ference, and it will alſo touch the Earth, and being 
produced, will meet with the Axis of the Shadow 
CH in H, ſo that the Angle DHC will be half 
the Angle of the conical Shadow. Now, becauſe 
EF is parallel to MH, the Angles DH C and GEF 
are equal, by the 29th Prop. Book Firſt, of Euclid. 
But GEF is equal, as has been ſhewed, to the appa- 
rent Semidiamer of the Sun; wherefore, the whole 
conical Angle K H is equal to the apparent Diame- 

ter of the Sun. ; 
- Theſe Mw THE ſame Thing is to be demonſtrated of the 
"ls in a Moon, and univerſally, the Sun's apparent Diameter 


Conical remaining the ſame in all Spheres, which are not big- 

Shadows ger than the Earth; the Angles of the conical Figures 

ere equal. hich include the Shadows are all equal, and all their 
| Shadows 
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Shadows will be ſimilar Figures. This may likewiſe Lecture 
be demonſtrated in this Manner: | — 
LET AFG be the San, D HE the Earth, S C 
a Line joining the Centers of the Sun and Earth, Plate VII- 
AD a right Line which touches both Bodies; and Fig. g. 
let the Line AD, SC produced, meet in M; the 
Angle AMS will be half the Angle of the ſhadowed 
Cone. Now, in the Triangle S D M, the outward 
Angle ADS is equal to both the inward and oppoſite 
Angles, EP. 32. Book Firſt, of Euclid; that is, 
the Angles DMS and DSM areequal to the Angle 
ADS; but the Angle DSM is nothing, or next to 
nothing, being the Angle under which the Semidia- 
meter of the Earth appears as ſeen from the San; and 
the Angle ADS is the apparent Semidiameter of the 
Sun; therefore the Angle DMS, or the Semiangle 
of * Cone, is equal to the apparent Semidiameter of 
the Sun. ; 


1 3 LECTURE 


LECTURE XI. 


Of the Penumbra and its Cone tbe Height 
of the Shadow, and the apparent Diame- 
ters of the Shadows. 80 


ZE BESIDES the Shadow which is deprived 

81 B N of all the Sun's Light, there is a certain 
Space which is but a partial Shadow, and 

A Penum- is called a Penumbra; for though all the 


bra, aubat. Sun 8 ody does not illuminate it, there are, for all 


that, Rays coming from ſome Part of the Sur's 

Beams being intercepted by the opake Body of the 

Earth; and the Parts of this Penumbra will have 

different Degrees of Illumination, according as they 

are nearer or further removed from the Shadow. The 

Space of the Penumbra is to be determined in this 
Manner: | i 

PlatevIII, LET the Circle AE FG repreſent the Sun, HED 

Fig . 1» any opake Sphere, for „ the Moon, it being 

her Penumbra that we are at preſent concerned with; 

SC the Line which joins the Centers of both 

Spheres. Draw the Line FD O, touching the left 

Side of the Sun, and the right Side of the Moon; 

and the Line AHP, which touches the right Side 

of the Sun, and the left of the Moon: Let theſe two 

Lines cut the Line SC in I. The Point I remain- 

ing immoveable, either of the richt Lines I DO, 

or IH P, being extended indefinitely, let them 

be 
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be turned round the Axis I M, with a conical Mo- Lecture 
tion, ſo that they may 2 touch the Globe of XII 
the Moon, there will by that Means be generated an : 
indefinite conical Surface, including both the Shadow 
and the circumambient Space ODM PH M; into | 
which Space ſome Rays of the Sun are hindered from 
entering by the opake Body of the Moon: And this 
is the Space which we call the Penumbra, which is 
darker in X or Y, which are nearer the Borders of 
the Shadows than in V and N, which are nearer the 
conical Surface. For the Places X and Y are il- 
luſtrated with a ſmaller Portion of the Sun's Diſk, 
than the other Places further diſtant from the Ax:s 
of the Cone. Now, if the Earth come within this 
Space, a certain Portion of its Surface. at S may be 
included in the total Darkneſs, and the Inhabitants 
of that Region will ſee a total Eclipſe of the Sun; 
but thoſe who live without this Shadow, but are {till 
within the Penumbral Space, as about Q and X, will 
have no total Darkneſs, ſome Part of the Sun's Diſk 
being ſtill viſible, while the reſt is hid by the 
Moon. For let us draw from Q the Line Q D, 
touching the Globe of the Moon; which being pro- 
duced to the Sum, the Point Q being immoveable, 
if the Line Q D. indefinitely extended be moved. 
by a conical Motion round the Moon, the co- 
nical Surface it deſcribes, will cut off a Por- 

* of the Sun's Diſk, which is covered by the 

oon. 

W find the Dimenſions of the Cone of the PlatevIII. 
Penumbra in this Manner: Let the Circle HD Fig. 2. 
repreſent the opake Sphere of the Moon, S C the 277 Di 
Line joining its Center with the Center of the eee 
Sun; and let CB, the Semidiameter of the Moon, Penum- 
de perpendicular to C S, and BF parallel to it touch- bra. 
ing the Moon in B. Make the Angle BCD equal 
to the apparent Semidiameter of the San, and thro' 
D draw DG a Tangent to the Moon. And by the 
Lemma premiſed, the Angle FE G will be equal 
to the Angle BCD, or wy the apparent — 

c 4 ; 0 


_ 2 — 2 — 5 n — —— 


120 ASTRONOMICAL 


Lecture of the Sun; and therefore, ſince the Line E F goes 
XII. to the Center of the Sun; the Line E D G muſt 
3 touch the inferior Limb of the Fun: But it alfo 
f touches the Moon; and therefore the Point Þ of this 
Line being immoveable, if it be carried by a conical 

Motion round the Moon, it will generate the Surface 

which includes the Penumbra. And becauſe the 
Parallels EF, CS, the alternate Angles FE and 

EILC will be equal; but the Angle EIC is the 
Semiangle of the Cone, and FE 1 is the apparent 
Semidiameter of the Sur; and therefore half the Angle 

of the Panumbral Cone is always equal to the appa- 

: rent Semidiameter of the Sun. The Cone therefore 
of the total Shadow, and that Part of the Penumbral 
Cone which lies between the Sun and the Joop, are 
equal and fimilar Figures, for they have their vertical 
Angles and Baſes equal. n i 
| " Height of the Shadow of the Earth is 
Fig. 3- thus determined: Let CT be the Semidiameter 
of the Earth, IM the Height of the Cone or 
Shadow: If TM be the Radius, CT will be 

the Sine of the Angle TMC, which is half the 

Angle of the Cone. And this Angle is equal to 

the apparent Semidiameter of the Sun, as has been 
ſhewed, and in the mean Diſtance of the Sun, is 

The Height about 16 Minutes. Let therefore the Sine of 16 
of the Minutes be to the Radius, as the Semidiameter 
Earth:? of the Earth to a fourth; and we ſhall find T M 
Sbado o equal to 214, 8 Semidiameters of the Earth But 
when the Sun is at his greateſt Diſtance, half the 

Angle of the Cone is fifteen Minutes, aud 50 Se- 

conds; and the Height of the Shadow becomes 

2.17 Semidiameters of the Earth: And ſince the 
Diameter of the Earth is to the Diameter of the 

Moon, as 100 is to 28; the Altitude of the 

Eartb's Shadow will be to the Altitude of the 

The Height Moon's in the fame Proportion; for the conical 
of the, 5” Shadows are ſimilar Figures; and therefore the 
Moon's Height of the Moons Shadow will be 59,36 Semi- 
Shadow. diameters of the Eartb. Hence, if the iſtance of 
| the 
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the Moon from the Earth be greater than her mean Lecture 
Diftance, which is about 60 Semidiameters of the XIII 
« Earth, the Shadow of the Moan cannot reach the 
Earth, in which Caſe there may be a central Eclipſe | 
of the Sun, but not a total one: But round the Moor 
there will appear Part of the Sun's Body, in the Form 
of a luminous Cirele, which, like a bright ſhining 

Ring of Gold, will embrace the Body of the Moon. 
It alſo follows, that if in the Time of the Eclipſe, 
the Anomaly of the Moon be leſs than three Signs, 
or bigger than nine Signs, there can no where be a 
total Eclipſe of the Sun; for in all theſe Degrees of 
Anomaly, the Diſtance of the Moon is greater than 
her mean Diſtance. 1 SHES: F 
To find how much of the Earth's Surface can The Por- 
be involved in the Moon's Shadow in the Time of ten of e 
an Eclipſe, when it directly falls upon it: Let us — a 
ſuppoſe the Diſtance of the Sun to be the greateſt that may 
that can be, in which Caſe the Height of the coni- be involv- 
cal Shadow of the Moon, is about 60 Semidiameters ed in the 
of the Earth: Let us likewiſe ſuppoſe the Diſtance SB. 
of the Moon from us, to be the leaſt that can be, | 
that the Eartb may receive | moſt of the Sha- 
dow. This leaſt Diſtance of the Moon from the 
Earth is about 56 Semidiameters of the Earth: 
Now, let L repreſent the Moon, and T the Center platevIII 
of the Earth; L T the Diſtance of the Moon from Fig. 4- ; 
the Earth, which is equal to 56 Semidiameters ; 
and ſince L M is 60, TM muſt be four Semi- 
diameters, and TB will be to TM as 1 to 4. 
But as TB is to TM, ſo is the Sine of the Angle 
TMB, which is 15' 50”, to the Sine of the Angle 
T BM; by which Means we find the Angle TBM 
to be 63 Minutes and 10 Seconds, But the Angle 
ATB is equal to both TMB and T BM, by 32 
Prop. Book iſt, of Euclid; and therefore the Angle | 
ATB is 79 Minutes, and fuch is the Arch AB; ; 
the Double of which is the Arch BC, equal to 158 
Minutes, or 180- Engliſh Miles. We have here 
ſuppoſed the Axis of the Shade to paſs through the 


Center 


5 found by this Means: Let us ſuppoſe the Apparent 
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Lecture Center of the Earth; which it does when the Centers 


XII. of the Sun, Earth, and Moen, are in the ſame Right 
Line preciſely: But when the three Centers do not 
lie in the ſame Right Line, the conical Shade is cut 
obliquely, and the Figure of it upon the Earth is 
Oval, whoſe Diameter is eaſily to be determined by 

the Diſtance of the Adoon from the Sun ſeen from the 
Center of the Earth. | 125 | 


* 


How much I we inquire how much of the Surface of the 


of the Sur- Earth can be involved in the Penumbra, it may be 


in the Pe- Diameter of the Sun to be the greateſt, which is 
numbra. when the Earth is in her Perihelion, and is about 
Plate vIII. 16 23”, Let AB D be the Earth, L the Moon, 
Fig. s. and AM be half the Angle of the Cone, which 
5 is likewiſe 160 23: By which we ſhall find the 
"Height of it. LM, equal to 58 and a half Semi- 
diameters of the Earth. Let the Aon be in her 
Apogeon, and therefore at her greateſt Diſtance from 
the Earth, which is 64 Semidiameters of the Earth: 
and T M is equal to both TL and LM, that is 
to 1225 Semidiameters, But by a Trigonometrical 
Theorem, I B is to T M, as the Sine of the An- 
le TMB is to the Sine of the Angle MBN or 
BT. But TB is to FM as 1 is to 1224, 
and the Angle TMB is 16 Minutes, 23 Seconds; 
and therefore we ſhall find out the Angle MBN 
to be 35 Degrees and 42 Minutes, which Angle 
is equal to = the Angles IMB and MT B. 
If therefore ircm the Angle MB N 35 Degrees 
42 Minutes, we ſubcra&t the Angle TMB, there 
will remain the Angle MT B 35 Degrees 25 Mi- 
nutes, which is the Meaſure of the Arch AB; 
whoſe Double 70 Degrees and 50 Minutes, is equal 
8 the Arch C AB, which makes about 4900 Engliſ. 
iles, | 8 be 
Ir the conical Shadow of the Earth at the 
Diſtance of the Moon be cut with a Plane per- 
pendicular to its Axis, the Section will be a ere 
| | whic 


* Kr . ᷣ i ME Ne 


- 
a 
— 


= 


LECTURES. 123 


which is called the Shadow, whoſe Apparent Dia- Lecture 
meter ſeen from the Center of the Earth is thus deter- XII. 
mined: Let T be the Center of the Earth, C MT 
half the Angle of the Cone, FL H the Section whoſe The app 
Diameter is FH. Having the Angle of the Cone, we vent Dia- 
by that Means can find its Altitude TM; but wes 
have alſo TL, the Diftance of the Moon from the pw of the 
Earth: And therefore we can find MI: But we have Earth az 
alſo the Angle F M L;. therefore we can find out F G the Di/- 
half the Diameter of the Shadow at the Diſtance of e . 
the Moon: And therefore in the rectangled Triangle _ * 
F T G, having the two Sides FG, and TG, we „ned. 
can find by Prigonometry the Angle FTG, the Plate vIII, 
parent Semidiameter of the Shadow ſeen from the Pig. 3. 
Center of the #arth. It may likewiſe be thus pes 
found: Having F T the Diſtance of the Moon 257 


from the Earth, and CT the Semidiameter of — * 


Earth; in the Triangle CFT, we may find out 


the Angle CFT, which is equal to the two An- 
gles FM T and FTM: If therefore we fubtract 
the Angle FM T, which is half the Angle of the 
Cone, from the Angle CE T, we ſhall find the | 
Angle FTM or FTL: The Angle CF is e Hori- 
the apparent Semidiameter of the Earth, ſeen from zontal Pa- 
the Moon, and is called the Horizontal Parallax of the rallax of 
Moon, the Reaſon of which we fhall ſhew, when we le Moon. 
come to treat about Parallaxes. - Theſe apparent Se- 
midiameters of the Earth, or Horizontal Parallaxes 
of the Moon, conſtantly vary as the Diſtance of the 
Moon does, and they are found ready calculated in 
all Aftronomical Tables. 12 | | 

LET & M be'a Portion of a Line in the Plane piatevIII. 
of the Ecliptick, & L a Portion of the Lunar Or- pig. 6. 
bit which the Moon moves through, about the Time Eclipſe of 
of Full Moon; which, becauſe it is ſmall, may be he Moon. 
reprefenies by a right Line. Let the Circle FMO 
repreſent the dhadow of the Earth at the Diſtance 
of the Moon, and its Center G; GL is the La- 
titude of the Men in the Time of Full Mon, which 


15 
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XII. is almoſt equal to the ſhorteſt Diſtance of the 
Lecture Meon from the Plane of the Ecliptick. It is ma- 
Way Nifeſt, that if GL, the Latitude of the Moon, be 
Plate IX. greater than the Sum of the Semidiameters of the 
Fig. 1, 2. Mon and Shadow); then the Moon will no Part of it 

enter into the Shadow : But if the Latitude of the 
Aeon be juſt equal to theſe two Semidiameters, then 
the Limb of the Moon will juſt touch the Shadow, 
but not enter it: But if the Latitude of the Moon be 
leſs than this Sum, but greater than their Difference, 
there will be a partial Eclipſe; and if the Latitude of 
the Moon be leſs than the Difference of the Semidia- 
meters of the Moon and Shadow, the Eclipſe will be 

SE total: And by this Means we can find out the Eclip- 
The Limits tick Terms or Limits, which are ſuch, that if the Diſ- 
of Eclipſes. tances of the Moon from the Node be leſs than they 

are, in the Time of Full Mason, there will be an 
Plate IX. Eclipſe; if greater there can be no Eclipſe, Let & 
TEL, it S repreſent a Portion ef a Line in the Plane of the 
termi. Ecliptick, parallel to the Earth's Orbit; K L a Por- 
ed. tion of the Moon's Orbit; S L, the Latitude of the 
Moon, when at Full: And let us ſuppoſe the Lati- 
tude to be ſuch, that the Margin of the Moon may 
juſt touch the Shadow, and let the Node be at K. 
The Angle L & S is the Inclination of the Orbit 
of the Moon to the Plane of the Ecliptick, which is 
five Degrees; and LS the Latitude of the Moon, 
when its Limb touches the Shadow, equal to 66 
Minutes; and therefore in the rectangular Triangle 
KLs, having LS and the Angle L & 8, we can 
find N 8, the Diſtance of the Node from the Point 
of the Ecliptick oppoſite to the Sun, which is 754 
Minutes, or 12 Degrees 34 Minutes. And if in 
the Time of Full Moon, the Moon's Place in the 
Ecliptick be further diſtant from the Node than 12 
Degrees, 34 Minutes, there can then be no Eclipſe 

of the Moon. | | | 
LEr L be the Center of the Moon, whoſe coni- f 
cal Shadow is DME, Imagine this Shadow * 
| A 
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at the Diſtance of the Earth, with a Plane perpendi- Lecture 
cular to its Axis; the Section will be a Circle, XII 
whoſe Semidiameter TP is called the Semidiameter ; 
of the Moon's Shade: Now, the Angle under which plate Ix. 
this Semidiameter appears, ſeen out of the Afoon, is Fig. 6. 
equal to the Difference of the Semidiameters of the Ye Dia- 
Sun and Moon ſeen from the Earth: For the Angle _— no 
LPD is the apparent Semidiameter of the Moon $3.4 4. 
ſeen from the Earth, which is equal to the two in- the Earth, 
ternal Angles PML and PLM; and therefore, if wuher ſeen 
we ſubtract from the Angle LP D, which is the own 
apparent Semidiameter of the Maon, the Angle P M L, on. 
which is equa] to the apparent Semidiameter of the 

Sun, there will remain the Angle PLT, the 

apparent Semidiameter of the Shadow ſeen from the 

Moon. | | | 
AGAIN: Let L be the Center of the Moon, plate Ix. 
AMB the Penumbra! Cone of the Moon, extended Fig. 5. 

as far as the Earth, and its Axis MT; if this Cone 

at the Diſtance of the Zarth be cut by a Plane 
tranſverſely, the Section will be a Circle whoſe Se- 
midiameter is A T, and is called the Semidiameter 

of the Penumbra. And the Angle under which it 

appears from the Moon, is the Angle T LA, which 

is the external Angle of the Triangle LM A, and 

is equal to both the inward Angles LAM and 

LMA. But the Angle LMA is half the Angle 

of the Cone, which is the ſame with the apparent 
Semidiameter of the Sun; and MAL or CAL is 74, Appa- 
equal to the apparent Semidiameter of the Moon, ſeen rent Semi- 
from the Earth; and therefore the apparent Semi- 4iameter of 
diameter of the Penumbra ſeen from the Moon is *** wh 
equal to the Sum of the Semidiameters of both the "HH 
Sun and Moon. : | 

Ir the Sum had no apparent Motion ariſing from qe Way 

the real Motion of the Zarth, the Way of the Moon of the 

from the Sun would be the fame with her real Moon 
Way in her Orbit: But becauſe, while the Moon is. em ibe 
proceeding in her Orbit, the San alſo ſeems to move 85 

in the Ecliptick, the Way the Moon moves towards 


or 


— — * — 
E * — — —ů ” 
- . * _— As — — 0 
. - — _ — 28 5 . 8 
s n 0 = J 3 2 = * pegs * 2 
* 2 3 — D — *. J fr — > n — 
* — — — — 2 . *% - = een 1 Bp — — — -— 
2 p — — 2 comp == L <> * 4 © W * 2 — ſy — — m 7 
— » 3 . — N ys 2 PW 4 r PRES. 7 FI © 4 Y woe 2 = ME. - = * D — - 2 I — — ISS — 5 = 
OE gu 4 2 % "Fu Q N 72 . 1 A 2 * - o_ 3 — — D — — 
2 ber tn aA - 3 . 7 7 1 6363 OO — — 
If PILE 52 2 F . . —— : ' : 3 — aol aqua > x. * - 
1 . by - * "I - — - um . — — 
wi 9 , < \ 2 — 
— — 22 


* 

x 
HP 
1 
4 


= . 
+ $41 © 
2 
1 £ 
: = 


126 ASTRONOMICAL 
Lecture or from the San, will be different from that which 
XII. ſhe has in her Orbit; and its Inclination to the 
Plate IX. Ecliptick will be greater, than the Inclination of 
Fig. 6. the Orbit to it. Le K A be a Portion of the 
—y—dI Jr's Orbit produced to the Ecliptick: And ſup- 
| poſe the Sun and on in Conjunction in the Node: 
Now, then, while the Moon in her Orbit detcribes 
the Space K L, the Sur by his apparent Motion 
will deſcribe the Space & S in the Ecliptick, and 
SL will be the Way of the Moon from the Sun. 
Now, if two Bodies be both moved the fame Way, 
but one faſter than the other, their relative Motion, 
whereby the one recedes from the other, is the ſame 
as if the floweſt Body ſtood ſtill, and the other 
moved on with the Difference of Velocities, as we 
have demonſtrated in our Phyſical Lectures. Thro' 
the Place of the Afoon L, draw BL parallel to the 
Ecliptick, to which let & B be perpendicular. Now, 
while the Moan in her Orbit deſcribes the Space & 
L, its Motion according to the Ecliptick is equal to 
the Space BL; take LI equal to Qt S, and draw 
Kl, it will be parallel to SL; and the Motion 
of the Aeon from the Sun will be the ſame as if the 
Sun had remained in the Node, and the Moan, ac- 
cording to the Ecliptick, had been carried with the 
Velocity BI, which is the Difference of the Ve- 
locities of the Sun and Moon, according to the 
Eclipticx. Becauſe the Angles BL K and BI & 
are but ſmall, the Angle B L & will be to the 
Angle BIA, as Bl is to BL; that is, as the 
Difference of the Motions of the Sun and Moon, 
according to the Ecliptick, is to the Motion of the 
Aon, in the Ecliptick, fo will the Angle which 
che Orbit of the Mean makes with the Ecliptick, 
be to the Angle B 1 K, which is equal to the 
Angle LS E, or the Inclination of the Way of 
the Moon from the Sun to the Ecliptick: And by 
this Means we can find out the Angle, which a Cir- 
cle of Latitude, drawn through any Point of the 
Ecliptick, makes with the Way of the on from 
. | the 
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the Sun. For in the rectangular ſpherical Triangle, Lecture 
which the Ecliptick, the Circle of Latitude, and XIII 
the Way of the Moon from the Sun do form, we ay 
have one Angle, which is the Inclination of the 
Way of the Moon from the Sun to the Ecliptick, 
and its Baſe, which is the Diſtance of the Circle- 


Latitude from the Node; and therefore we can find 
the other acute Angle. 
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LECTURS x0 


Of the Projection of the Moen's Shadow on 
the Diſe of the Earth. 


W272 MF a Right Line be projected on a Plane 
of 5 that is parallel to it, by letting fall from 
1 * all its Points Perpendiculars en the 
( oy Plane, the Projection or the Place 
Pf of where all Perpendiculars meet with the 
Plane will be a Right Line, parallel and equal to the 
former Line which was projected. For the Perpendi- 
culars that fall from the Extremities of the Right 
Line, are parallel and equal; and therefore the Lines 
which join them will be parallel and equal. 

HENCE, if two Right Lines touching one an- 
other, be parallel to any Plane, the Projections of 
theſe two Lines upon that Plane, will contain an 
Angle, equal to the Angle the Lines themſelves 
make together; this is plain by Prop. 10. Book 
XI. of Euchd. Hence all Plane Figures projected 
on a Plane parallel to themſelves have for their 

* | | Pro- 
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128 ASTRONOMICAL 
Lecture Projections Figures exactly ſimilar and equal to 
XIII. chemſelves. | 

Bor if a Line be inclined to any Plane, its 

Plate Xx. Projection upon that Plane, made by letting fall 

Fig. 1. from it Perpendiculars to the Plane, will be to the 
Line itfelf, as the Coſine of the Inclination of the 

Line is to the Radius. For let AB be a Line 
inclined to the Plane, and let DE repreſent the 
Plane: Letting fall from the Points A and B, the 
Perpendiculars Aa, Bb; ab will be the Projection 
of the Line AB; to which, if we draw through 
B the parallel Line BC, meeting with the Per- 
pendicular Aa in C, this Line BC is equal to 
ab: But BC is to AB, as the Sine of the Angle 
CAB, or the Coſine of the Angle ABC to the 
Radius; that is, as the Coſine of the Angle of 
Iznclination is to the Radius, ſo is ab to AB. 
Hence it follows, that every Figure, whoſe Plane is 
perpendicular to the Plane of the Projection, 1s pro- 
jected in a right Line. For the Perpendiculars from 
every Point of the Figure, will all fall upon the 
common Interſe&ion of the Plane of the Figure, 

Ar Ortho. With the Plane of the Projection. Such a Projection 
phical of Lines and Figures is called an Orthographical Pro- 
rejection, jectioun. 8 1 r 

what? x we imagine a Plane to paſs through the Center 
of the Earth, to that the Line which joins the Cen- 
ters of the Sun and Earth may be perpendicular to 

this Plane, it will make on the Surface of the Earth 

a Circle, which will ſeparate the illuminated Hemi- 

ſphere of the Earth from the dark. This Circle we 

before called the Circle bounding Light and Dark- 
yl but we will now call it the illuminated 

iſk ; which Diſk is directly ſeen by a Spectator 
placed at the Diſtance of the Moon in the Right 

Line which joins the Centers of the Sun and 

De Or- Earth. Upon this Circle, the Earth's A<quator, 

thogra- its Parallels, Poles, and all the other Circles which 

3 we imagined, are to be ſuppoſed, projected Or- 

LE Dit. thographically, For all Lines drawn "_ the 
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Center of the Sun to every ſingle Point of the Lecture 
Diſk, are to be accounted parallel; and therefore, XIII. 
lince that Line, which is drawn to the Center of 

the Diſk, is perpendicular to it, all the reſt will be | 
perpendicular to it ; and therefore, all Lines, drawn | 
from the Center of the Sun, and paſſing through 
every Point of any Circle upon the Earth's Sur- 
face, when they are produced, will be perpendicu- 

lar to the Plane of the Diſk. Moreover, a Specta- 

tor in the fon will ſee all Countries, Cities and 


Towns to move upon the Diſk; which Motion 


is occaſioned by the Rotation of the. Earth round 
its Axis, and every Point will have its Way on 
the Diſk ; for by the diurnal Gyration all Places 
deſcribe either the ÆEquator, or one of its Parallels; 
and if the Sun be in the Plane of the Æquinoctial, 
or rather, if the Plane of the Æquinoctial paſſes 


through the Sun, the Æquinoctial, and all its Pa- 


rallels, are in that Caſe projected into right Lines; 

for they will all be perpendicular to the Diſk, or 

the Plane of the Projection. But in other Poſitions 

the Projections of theſe Circles will be Ellipſes, 
which are the Ways that all the Places of the 
Farth are ſeen to move in on the Diſk : Now, if 
through the Pole and the Sun there be a great Circle 

drawn which cuts the Earth, and this Circle be 
rojected on the Diſk, we ſhall have an univerſal | 
Meridian, to which, when any Place is obſerved Fbe uni- 
to come, the Inhabitants of that Place will have 9 
Mid-day. And when any Place is firſt ſeen to touch 4. 
the Metern Limb, or Edge of the Diſk, the In- 
habitants of that Place will then fee the Sur ariſ- 


ing upon them. But a Spectator at the Moon will 


ſee the Place to riſe and come upon the Diſk, 
and will fee it move towards the _ And, as 
ſoon as it has paſſed the univerſal Meridian, the 
Place then being gone to the Eaftward, the Sun 
ſeen out of the Earth from the Place will appear 
to move Meſtibard. But when the Place comes 
to the Eaſtern Edge 1 the Diſk, our Spectator 

| | In 
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Lecture in the Ado will obſerve the Place to ſet in the Diſk, 
XIII. and hide itfelf in the dark Side; but the Inhabi- 
3 nunts of that Place upon the Earth's Surface will 
r un ſet in the e, and withdraw himſelf out 
of Sight. : 
The Bis. THE Bigneſs of the Diſk is to be eftimated by 
2% 2. ze the Angle under which the Earth is ſeen from the 
Diſe deter- Moon, and is of the ſame Quantity with the Hors. 
wane.  wontal Parallax of the Moon. And if from the con 
there be Jet fall a Perpendicular upon the Plane of 
the Ecliptick, which meaſures the Diftance of the 
Moon from the Ecliptick, this Line being parallel 
to the Plane of the Diſk, will be projected into a 
Line equal and parallel to itſelf; and the Angle 
under which the Projection of this Line appears from 
the Aeon, will be equal to the Angle under which 
the ſame Line is ſeen from the Z#arth; for equal 
right Lines at equal Diſtances, being ſeen directly, 
De Prejec. appear under equal Angles. The Way of the Moon 
tion of the from the Sun, if ſuch a ſmall Portion of it be taken 
33 tze as is turned towards the Diſk in the Time of an 
Die, Eclipſe, may be eſteemed as a right Line, and will 
be projected upon the Diſk into a right Line, which 
is equal to itſelf; and its Projection with the Pro- 
jection of the Circle of Latitude will contain the 
ſame Angle that theſe two Lines make in the Hea- 
vens: The Spectator in the Mon will ſee this Line 
to be deſcribed upon the Plane of the Diſk, by the 
Center of the Shadow and of the Penumbra which 
_ coincide, | | 
Plate X. LET now the Circle DGK repreſent the Difk 
Fig. 2, 3, of the Earth, whoſe Semidiameter let us ſuppoſe 
2 to be divided into as many Parts as the Horizontal 
Parallax of the Moon contains Minutes and Se- 
conds. Let the Line NT repreſent the Diſtance 
of the Moon from the Ecliptick in the Time of 
New Moon, projected on the Plane of the Diſk; 
which alſo — conſiſt of as many Parts as the 
Latitude of the Moon contains Minutes; and let 
likewife K N be a Portion of the Ecliptick, & / a 
is 1 Portion 


% 


Fd 


LECTURES. iat 

Portion of the Way of the Moon from the Sun, Lecture 
both projected on the Plane of the Diſk. From the XIII. 
Center T, let fall on the Way of the Shadow a Per- 
pendicular TV; this Line will meaſure the leaſt Diſ- The Pro- 
tance that is between the Centers of the Diſk and portion of 
Shadow. At the Center V, deſcribe a ſmall Circle, 2 
whoſe Semidiameter may be equal to the Difference 5 
of the apparent Semidiameters of the Moon and Sun; 
this Circle will repreſent the Breadth of the Shadow: 
For we have ſhewed, that this Shadow, ſeen from 
the Moon, at the Diſtance of the Earth, was equal to 
the 'Exceſs whereby the apparent Diameter of the he Sa- 
Moon exceeds that of the Sun. Again, let there be de- dow pro- 
ſcribed another Circle H M; at the Center V, whoſe je#ed- 
Semidiameter VH bears the ſame Proportion to the 
Semidiameter of the Diſk, as the Sum of the Semi- 
diameters of both Sun aud Moon bears to the apparent 
Semidiameter of the Earth ſeen from the Aon; or, 
which is the fame, to the Horizontal: Parallax of the 
Mon : This Circle will repreſent the Penumbra, pro- The Pe: 
jected at its ſhorteſt Diſtance from the Center of the numbra 
Diſk: For we have ſhewed, that the apparent Se- frgededs 
midiameter of the . Penumbra, ſeen from the Mon, 

was equal to the Semidiameters of both Sun and Moon. 
And therefore, if this Circle does not touch the Diſk, 
there can be no Eclipſe; that is, if the Diſtance VT 
be greater than the Sum of the Semidiameters of the 
Diſk and the Penumbra; or, which is the ſame, greater 
than the Sum of the Semidiameters of the Sun and 
Moon, and of the Horizontal Parallax of the Hon, 
there can be no Eclipſe: But if the Diſtance VT Woey there 
be equa! to this Sum, the Penumbra will touch the Eclipſe of 
Diſk without obicuring - the San, or any Part there- 3 
of: But if VI be leis than this Sum, that is, if it 6 
be leſs than VM and 7 R, the Penumbra will cover 
ſome Part of the Diſk; and thoſe that lie within en there 


the Segment RZ Mx, will fee at leaſt a partial muſt be an 


lipſe. 
Eclipte of the Sun, But if the Diſtance V be leſs TN" 
than the Difference of the Semidiameter of the Diſk, 
and the Semidiameter of the Shadow, then the Sha- 
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Lecture dow will cover ſome Part of the Diſk, and make a 
XIII. total Eclipſe of the Sun in all thoſe Places it paſſes 
over. Theſe total Eclipſes are always but for a fmall 

Tatal E. Portion of Time, becauſe the Diameter of the total 
clipſe of Shade is but ſmall; the apparent Diameter of the 
Sun. Moon never exceeding the apparent Diameter of the 
Sun, but by a very ſmall Matter, which is ſeldom 
equal to two Minutes; which Space the Center of 

the Shade paſſes over on the Diſk in the Space of four 
Minutes of Time: But yet the Stay that it may make 

on any Place, may be longer than this, upon the Ac- 
count of the Motion of the Place which follows the 


| Shade. | 
TheEclip- HENCE we may know the Ecliptick Limits, or the 
ack Diftance of the Moon from the Nodes, at the Time 


Limits. of New Moon; fo that an Eclipſe of the Sn may be 
| poſſible: For let the Circle ROG repreſent the Diſk 
of the Earth; K TK and & N, the Projections of 

- a Portion of the Ecliptick, and of the Way of the 

Moon from the Sun upon the Plane of the Diſk. And 
let T V be the leaſt Diſtance of the Center of the 
Diſk and Shadow; which ſuppoſe equal to the Sum 

of the Semidiameters of the Diſk and Penumbra - 

Then in the rectangular Triangle & TV, we have 

the Side TV; which, when it is biggeſt, is about 94 
Minutes. We have likewife an Angle at K, which, 

when it is leaſt, is 5 Degrees and 30 Minutes: From 

whence we ſhall find NT equal to 986 Minutes; or 

to 16 Degrees and 26 Minutes. And ſince, in this 

Caſe, the Penumbra only touches the Diſk, it is plain, 
that there can be no Eclipſe, unleſs the New Moon 

de nearer to the Node than 16 Degrees and 26 Mi- 

nutes. 

plate x. LET the Circle RK G, as before, repreſent the 
Fig. 6. Diſk of the Earth; K T K a Portion of the Eclip- 
tick projected on the Plane of the Diſk; & / the 
Way of the Moeon's Shadow on the Diſk; TN 
the Latitude of the Moon, and TV the ſhorteſt 

| Diſtance of the Centers of the Shadow and Difk. 


Let the Circle OPQ be the Penumbra, moving 
| | from 


L RBG 


from D by V to /; in the Middle of which is a ſmall Lecture 


Circle repreſenting the Shadow : And let us ſup- 
ſe vre know the Time of the Conjunction; that 


is, when the Center of the Shadow is in N, which 


we find by Aſtronomical Tables; by that Means we 


can find the Time when the Center of the Shade is The Tire 
in V, that is, the Time of the Middle of the gene- of the Mid- 
ral Eclipſe. For in the rectangled Triangle T V N, = of the 
we have T N the Latitude of the Joon, and the Efe. : 


Angle T NV, which the Circle of Latitude makes 
with the Way of the Man from the Sun; and 
therefore we can find VN and TV. But by the 
Horary Motion of the Aeon from the Sun, we can 
find out the Time the Shadow will paſs through the 
Space NV; and this Time either added or ſubtracted 
from the Time of the Conjunction, will give the 
Time of the Middle of the Elite Moreover, in 
the Triangle DV T, right angled at V, we have the 
Side D T, which is the Sum of the Semidiameters 
of the Diſk and Penumbra, and the Side T V the 
ſhorteſt Diſtance of the Shade from the Center of 
the Diſk ; therefore we can find out the Side DV, 
and by it the Time when the Shade enters the Diſk; 


and from that we ſhall have the Semiduratian, or half The Semi- 
the Time the Eclipſe continues upon the Diſk. After duration. 


the ſame Manner we ſhall find the Time when the 
Shade leaves the Diſk, or the Time of the End of the 
Eclipſe. h 

_ HavinG the Place of the Sun in the Ecliptick 
for any Moment of Time, we can thereby find the 
Place on the Surface of the Earth, upon which the 


Sun at that Time is vertical: For the Latitude of To find the 
the Place is equal to the Dectination of the Sun at Place to 


that Time; and its Longitude is found by turning 
the Time from the Meridian into Degrees and Mi- 
nutes of the Aquator, allowing for every Hour 15 
Degrees, and for every Minute of an Hour 15 Mi- 
nutes of a Degree. For Example: The Longitude 
of a Place, in whoſe Vertex the Sun is, when at Ox- 
ford we reckon 9 and an half in the Morning, is 
K 3 | known 
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| ure known by ſubtracting q and an half from 12, and then 
XIII. there will remain 2 Hours and 30 Minutes; which, 
— multiplied by 15, make 37 Degrees and 30 Minutes. 
And therefore that Place will be 37 Degrees and 30 
M.inutes to the EA of Oxford. 88 
LET the Circle FRE repreſent the Difk, as be- 
tore; F TK a Portion of the Ecliptick projected 
Plate X. on the Diſk; on which from the Center erect the 
Fig. 72. Perpendicular T R; This Line will be the Projection 
of the Axis of the Ecliptick, and the Point R of 
its Pole. Let the Point P be the Projection of the 
Pole of the Earth: Through T and the Pole P let us 
imagine a Circle to paſs, and to be projected on the 
5 Diſk. This Circle will repreſent the univerſal Me- 
The Ele- ridian ; and the Elevation of the Pole aboye the Plane 
wation of of the Diſk, will always be equal to the Declingtion 
2% Earth's of the San. For the Arch of the Meridian between 
the Dig. the Sun and Periphery of the Diſk, js a Quadrant of a 
Circle; and the Arch of the Meridian betwen the 
Zquator and the Pole, is likewiſe a Quadrant: Where. 
fore, taking away from equal Arches the common 
Arch TP, there will remain P'S, the Elevation of 
the Pole above the Diſk, equal to the Diſtance of the 
Fun from the Equator. | 
d fd the I T is here to be obſerved, that when the Sun is in 
Pafition of the Signs W N , or rather when the Earth 
the Meridi- is in the oppolite Signs, the Point 8, wherein the uni- 
2 N verſa] Meridian cuts the Limb of the Diſk, will fall 
725 Sun. towards the Right Hand of the Pole of the Ecliptick. 
i But waea the Sum is in the other fix Signs, the Point 8 
falls upon the other Side of the Pole of the Ecliptick, 
contrary to What happens when the Projection is ſup- 
poſed to be made in a Plane parallel to the Diſk at the 
Gbit of the enn. | 2 
To find the Angle R TS, or the Arch of the 
Diſk intercepted between the Pole of the Ecliptick 
and the Point 8: In the right-angled ſpherical Tri- 
angle RPS, we have the Arch RP, the Diſtance 
of the Poles of the Ecliptick and Equator 2 3: De- 
grees; alſo the Side P'S, which is equal to the De- 
Flt: = "=" clination 
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dlination of the Sun: Wherefore, by Trigonometry, Lecture 
we may find the Side RS, or the Meaſure of the An- XIII. 
o 8 f | a 
| To find the Place upon the Earth's Surface Q, To fnd the 
where the Sar riſing begins to be in an Eclipſe in its Place of 
upper Limb, and where the Shadow enters the Diſk : % Earth, 
Draw through the Pole the Meridian PQ, to the fe wach 42 
Point Q, where the Penumbra firſt touches the Diſk, 5 the Pe- 
and firſt, in the right-lined Triangle DT V, hav- fumbhra. 
ing DT and T V, we may know the Angle D TV; 
to which, if we add or ſubtract a given Angle VTP, 
which is the Sum or Difference of two known Angles 
V TN and NT B, we ſhall have the Angle QT P, 

And then, in the ſpherical Triangle on the Surface of 
the Earth SPQ , which is right-angled at S, we have 
SP equal to the Declination of the Sun; and the Arch 
SQ, which is the Meaſure of the known Angle 
ST Q; from whence we may find the Arch PO, the 
Complement of the Latitude of the Place Q, and 
the Angle SPO, whoſe Complement to two Rights 
is the Angle QP T, contained between the Meridian 
of the Place Q, and the Meridian of that Place to 
which the Sun is then vertical; and is the Meaſure 
of the Diſtance of the Meridian of the Place Q, from 
that of the Place which has the Sun in the Meridian 
at that Time, But we know the Place which has 
the Sun at that Time in its Meridian; wherefore 
we know likewiſe the Meridian or Longitude of 
the Place Q: But its Co-Latitude PQ was before 
found out. Having therefore both the Longitude 
and Latitude: of that Place, the Place itſelf muſt be 
known, 1 
B y the ſame Method we can find out the Place of 
the Earth, which is firſt involved in the total Sha- 
dow. And by a like Proceſs we may find out the 
Place M on the Surface of the Earth, which is under 
the total Shadow at any Point of Times either be- 
fore or after the Middle of the Eclipſe. For the 
Time being known, we may find by the Horary Mo- 
tion of the Moon from the Sun, the Line My and 
K 4 a the 
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Lecture the Point M, where the Center of the Shadow lies; 
XIII. and in the right-lined Triangle MVT, having MV 
and, we may find M T and the Angle MTV; 
to which, if you add or ſubtrat the known Angle 
VT P, we ſhall have the Angle MTP. But MT 
is the Sine of an Arch of the vertical Circle, which 
paſſes through M, and the Point of the Earth's Sur- 
lace directly under the Sun, the Semidiameter of the 
The Deter- Diſk being made the Radius. And therefore, if we 
mination of ſay, As the Semidiameter of the Diſk is to MT, 
* _— ſo is the Radius to the Sine of an Arch; the Arch 
by the Sha. found out by this Proportion will be the Diſtance 
aw, for of the Sun from the Vertex M: And therefore, in the 
any given ſpherical Triangle on the Surface of the Earth MPT, 
Time, we have PIT the Diſtance of the Sun from the Pole; 
and MT the Diſtance of the Sn from the Vertex, 
and the Angle MT P. Hence we can find MP, 

which is the | a ha of the Latitude of the Place ; 
and the Angle MPT, which ſhews the Difference of 
the Meridians of the Place M, and of that Place to 

which the Sun at that Time is vertical; which Place 
by the Time is known, and therefore we can find the 

Place M. And by this Method we may find ſeveral 
Places over which the Shade does paſs ; and if they be 
Joined by Lines, we ſhall have the Way of the Shade 

upon the Surface of the Earth. | 

THE Portion of the Diameter of the Sun ob- 
ſcured by the Moon, is known by the Situation of 
the Spectator within the Penumbra; or by his Diſ- 
tance from the Center of the Shade. For let - 
AS B be the Diameter of the Sur, parallel to the 
Diameter of the Penumbra EF; draw the Line 
piate x,. MCB, touching the ſuperior Edges of both Sun 
Fig. 3. and Mom; and let FCA alſo touch the inferior 
Margin of the Sun: Then the Angle ACB is 
equal to the apparent Diameter of the Sun; and 
The Por- the Triangles ACB and MCF are ſimilar, Sup- 
tron of the poſe then a Spectator within the Penumbra at Gz 
A. draw the Line G C P, touching the Globe of 

4 Eclipf.. the Moon, which nearly paſtes tbrough the 1 ez 
| — Foint 
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Point C, and cuts off AP, that Part of the Sun's Lecture 
Diameter, which is obſcured by the Moon, to the XIII. 
Spectator in G. But the right Line GP, finceit 
very nearly paſſes through the Vertex of the Triangles 
MCF and AC B, will divide the Baſes A B and 
MF in a like Proportion. And therefore AP is 
to AB, as FG to MF; that is, the obſcured Por- 
tion of the Sun's Diameter is to the whole Diameter, 
as the Diſtance of the Place from the Edge of the 
Penumbra, which is FG, is to FM, the Semidia- 
meter of the Penumbra diminiſhed by the Semidiame- 
ter of the total Shadow. 5 
Tun Afronomers commonly divide the Diameters The 2uan- 
of both Solar and Lunar Diſks into twelve equal Parts, 2% of the 
which they call Digits; and by them they meaſure 1 ul 
the Quantity of the Obſcuration. And they ſay, the, Digits. 
Eclipſe is of ſo many Digits as the obſcured Portions 
conſiſt of ſuch Parts. | «ay. | 
Ir we know the Poſition of any Place upon the Having 
Diſk for any Point of Time, and it be deſired to 27% Wia 
find the Phaſis of the Eclipſe for that Time, as it is 2 = 
ſeen from the Place, it is to be found in this Man- h Di 
ner: Let S be the Poſition of the Place on the Diſk ; 10 find the 
find out for that Point of Time, the Place of the Phaſis of - 
Center of the Shade in its Path, which let it be M. % Fefe 
At the Center M, with a Semidiameter, equal to 
the Semidiameter of the Moon, deſcribe the Circle 
AFL: Alfo at the Center S, with a Semidiameter 
S B, equal to that of the Sun, deſcribe the Circle 
EFG, which the Circle AF L cuts in E and F; Plate Xx. 
then EBF A will be that Part of the Sun, which Fig. 9. 
is covered by the Moon from a Spectator in 8. For 
produce the Semidiameter of the Moon M A through 
8, that AD may be equal to the Semidiameter of the 
Sun, which is equal to BS; and then MD will be 
equal to the Sum of the Semidiameters of both Sur 
and Moon; and therefore it will be equal to the 
Semidiameter of the Penumbra: And the Diſtance 
of the Place from the Edge of the Penumbra is 8 D: 
And becauſe BS is equal to AD, AB will be equal 
to 


/ 
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Lecture to 8 D. Take AN equal to the Semidiameter of the 


XIII. 


OE. 
PR 


The gebil- 


ty of the 


Sun, and then MN will be equal to the Difference of 
the Semidiameters of the San and Moon, which is 
equal to the Semidiameter of the total Shadow. But 
we ſhewed, pag. 136, that SD was to DN, as AB 
the Part of the Sun's Diameter obſcured was to the 
Sur's Diameter. But A is equal to S D, and DN 
is equal to DA and AN, which are equal to two 
Semidiameters of the Sun, or to one Diameter of the 
San. Therefore A B is to the Diameter of the Sun, 
as 8 D, the Diſtance of the Place from the Edge of 
the Penumbra, is fo DN, Which is the Semidiameter 


of the Penumbra dim iniſhed by the Semidiameter of 
the total Shadow. And therefore it is plain, that A B 


muſt repreſent the Portion of the Sun's Diameter, 
which is then ſeen to be obicured. 


Hex alſo is determined the Poſition of the C/ 

| pides, Points or Horns of the Eclipſe: For by draw- 
ing theverncal Circle IS G, the Arches GE, GF, 
ew the Diſtance of the Points from the ſupreme or 


higheſt Point of the San's Limb. til 
- I F the Velocity wherewith the Shadow goes over 
the Diſk, be inquired for, it muſt be obſerved, that 


Shadew an the Way of the Moon from the Sun is projected on 


the Diſk, in a Line parallel and equal to itſelf; 


which Line is deſcribed by the Motion of the Sha- 
dow: And therefore the * 


elocity of the Center of 
the Shade is equal to the Motion of the Moon from 
the Sun. Now the Motion of the Men from the 


Sun is about 30f Minutes in an Hour; though it is | 
ſometimes more, and ſometimes leſs. And therefore 


the Space, which the Center of the Shade moves thro 
in an Hour, is about 303 Minutes of the Lunar 
Orbit. Now the Semidiameter of the Lunar Orbit 
is about 60 Semidiameters of the Earth; and there- 
fore one Minute of the Orbit of the Moon is as much 
as bo on a great Circle of the Earth, or as much as 
one Degree, that is, 69 Engliſb Miles. And there- 
fore 30 Minutes are equivalent to 2104 Engliſh 
Miles ; which Space the Shade moves through on 52 
; I 


. Feg «7 : - | Fig. 9 
1 | 
| _ 

22 
. \ ' 
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Diſk in one Hour. But though this be the Velocity Lecture 
of the Shadow on the Diſk, yet the Velocity whereby XIV. 
the Shade recedes from any given Place on the Eartbs 
Surface, is leſs than it ; by Reaſon, that while the | 
Shadow moves from the Eat to the e, all the 
Places of the Earth are likewiſe carried by the Rota- 
tion of the Earth the fame Way: And therefore, fol- 
lowing the Motion of the Shadow with a flower Pace, 
they diminiſh the Velocity whereby the Shade moves 
from them, | 


» + EC TURER XIV. 
A new Method of computing Eclipſes of the 


Sun, as they are to be obſerved from any 
given Place on the Earth's Surface. | 


| #ITHERTO we have explained all the 
nl Phaſes and Appearances of a general 
e H #f Eclipſe, ſuch as a Spectator at the Moon 
Ye M would obſerve; and we have ſhewed % B=: 
e the Methods whereby the Beginning, ning of an 


4 
Diſk, where the Shadow enters. In other P laces fra 8 


lying towards the Middle of the Diſk, there will be no 
Pelipſes ſeen till ſome Time after, when the Margin 

or Edge of the Penumbra comes to touch them. And 

the End will be when the oppoſite Part of the Penum- Aud tile 
bra leaves them. And therefore, according to the Beginnings 
different Situation of Places, the Quantity of the pen 


viſible Eclipies will be different, as likewiſe their Be- are we” 
ginning, End, and Duration. _ . different, 


THEREFORE to compare the particular Phaſes 
gf an Eclipſe, as it is to be obſerved from a certain 
* pry EE Place 


140 ASTRONOMICAL 


Lecture Place, we muſt here explain a new Method, whereby; 

XIV. | without the troubleſome and tedious Calculations of 

Lon ny Parallaxes, which all the Afronomers have made ule of 
before, the particular Phaſes may be ſhewn. | 

A new 

Method to Diſk of the Earth, in whoſe. Circumference is the 

compute the Point E, which anſwers to the Pole of the Ecliptick. 


Phaſes for And let the Pole of the Earth, or the Equator, be 


a particu- 


lar Place. projected into P. Becauſe all the Places of the Earth, 
Plate XI. being carried by the diurnal Rotation, deſcribe Cir- 
Fig. 11 cles, which are the Equator or its Parallels, and all 

the Parallels, except in the Aquinoxes, are inclined to 
#11 Paral- the Plane of the Diſk, the Parallel which any Place 
tels pro- deſcribes will be projected into an Ellipſe, which 
27 mo will be the Way or Path in which that Place will 
Hie. be ſeen to move by a Spefator at the Moon. Let 
therefore FXILD be the Ellipſe in which the Pa- 
rallel of any Place is projected on the Diſk : And let 
the Points in which the Horary Circles cut the Pa- 


rallels, be likewiſe projected: And let theſe Points be 


VI, VII, VIII, IX, X, XI, XII, I, II, III, IV, V, VI. 
So at Six in the Morning the Place on the Earth's 
Surface will be ſeen on the Diſk at VI; at the ſeventh 


Hour it will be at VII, at Eight of the Clock it will 


be at VIII, and at Nine it will be in the Point IX, 
and ſo on. | | . 

LET CT be a Portion of the Path of the Sha- 
dow received on the Plane of the Diſk: And ſup- 
poſe the Center of the Shade at Two of the Clock 
to be in the Point 2; at Three of the Clock let the 
Place of the Shadow be 3; and at Four let it be 


in the Point 4, Sc. At two of the Clock the 


Seat of the Spectator on the Diſk is II; and there- 

| fore his Diſtance from the Center of the Shadow is 
Pofition of 2 II: But if we meaſure this Diſtance according to 
4 Place re- the Path of the Shadow, we mult let fall from the 
duced to the Place a Perpendicular to the Path, which let be 
Path of TIL, and the Diſtance thus eftimated will be 2 L, 


the Sha- and the Point L will be the Poſition of the Place 


1 2 reduced to the Path of the Shadow. At Three of 


the 


LE therefore the Semicircle AE B be half the 


4 
} 
t 
t 
0 
t 
8 
8 


LE CTU RES. 


141 


che Clock the Shade is at 3, and the Place at III, and Lecture 


their Diſtance is 3 III, which is leſs than the former XIV. 


Diſtance at Two. At the fourth Hour the Shadow  _ We 


is in 4, and the Place in IV. All which Time the 
Shadow advances nearer to the Place, till at laſt the 
Edge of the Penumbra touches it, and then the Eclipſe 
will begin at that Place. At the fifth Hour, when 


the Center of the Shadow is at 5, and the Place is in 


V, it will be there more within the Penumbra than it 


was before, and the Shadow will be near the Place: 


But at Six, the Shadow being at 6, and the Place at 
VI, the Shadow will have got to the Eaft of the 
Place, which is then in the Point of the Diſk at VI; 
and therefore the Center of the Shadow has paſſed by 


the Place, and the Time of the ſhorteſt Diſtance be- 


tween the Center of the Shadow and the Place, will 


de between the Hours of 5 and 6. After this Time 


the Diſtance of the Shadow and Place will conſtantly 
grow greater, and at laſt the JYeftern Edge of the 


Penumbra will leave the Place, and there will be an 


End of the Eclipſe upon that Place. But by the fol- 
lowing Method the Beginning, Middle, End and Du- 
ration of the Eclipſe will be more accurately deter- 
mined. Upon which Account we muſt firſt premiſe 
the two following Problems: 


FR-OBLEM*T 


To find upon the Diſꝶ of the Earth the Poſition of a Place 
Por any given Point of Time. 


LET the Semicircle AE B repreſent half the Diſk, 
AB a Portion of the Ecliptick projected on the Diſk, 
its Axis projected S E, meeting with the Periphery of 
the Diſk in E, which will be the Pole of the Eclip- 


tick on the Earth's Surface, Let SP be the Line plate x1, 
on which the Axis of the Earth is projected, and P Fig. 2. 


the Projection of the Pole. As the Radius is to the 
Sine of the Latitude of the Place, ſo let 8 P be to 
S, and the Point H will be the Projection of the 
| Center 

1 
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Center of the Parallel. Through H draw H G equal 
to the Semidiameter of the Parallel, or to the Sine of 
the Diſtance of the Place from the Pole, which muſt 
be perpendicular to PS: This will be half the great- 
eſt Axe of the Ellipſe into which the Parallel is pro- 
jected. As the Radius is to the Sine of the Pole's 
Elevation above the- Plane of the Diſk, fo let G H 
be to HL, and HL will be the leſſer half Axis of the 
Ellipſe. In G H take HQ, which has the ſame Pro- 

ortion to G H, that the Sine of the Angle, which the 
Jorary Circle and the Meridian make together, has 


to the Radius; and draw Q R perpendicular to G H : 


Plate XI. 
Fig. 3. 


Alſo make the Proportion, as the Radius to the Co- 
ſine of the Angle, which the Horary Circle and the 
Meridian make together, ſo the leſſer Szmiaxe H L 
to a fourth, to be laid on the Line QR from Q to R; 
and then the Point R will be the Poſition of the Place 
on the Diſk required at the Moment of the Time 
iven. 
— HE ſame may be done by the Help of the Horary 
ircle. S 
LET AOB be half the Diſk, P the Pole, SP 
the Univerſal Meridian, meeting with the Diſk in 
G; and let F PO be the Horary Circle for the Mo- 
ment of Time given. In the right-angled Triangle 


PGO, we have PG the Elevation of the Pole above 


the Diſk, and the Angle GPO, which the Horary 
Circle makes with the Meridian; whence we (haſt 
find out the Angle GO, the Inclination of the 
Horary Circle to the Plane of the Diſk, and the 


Arches PO and GO; and therefore we have the 


Point O, where the Horary Circle cuts the Diſk. 


Draw SQ, which will be the common Section of 


the Horary Circle with the Plane of the Diſk. Let 
PF be the Complement of the Latitude of the Place; 
And S O being the Radius, take 8 Q, equal to the 
Sine of an Arch, whoſe Complement is the Sum of 
two Arches that are known, wiz. FP and PO; 
and let D be the Cofine of the ſame Arch, whoſe 


Sine is SQ, At Qupon OS erect the Perpendicular, 


( N, 


the Spherical Doctrine, and in the Problems to be 


eaſily deduced from the Laws of Orthographical Pro- 


by Aſtronomical Tables. We have likewiſe by the 
fame Tables, the Horary Motion of the Maon from 
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QR, ſo that D may have the ſame Proportion to QR, Lecture | 
that the Radius has to the Coſine of the Inclination of XIV. [ 
the Horary Circle to the Plane of the Diſk; and, 2 
R will be the Point which was defired, and ſhews | 
the Poſition of the Place on the Difk for the Time 

ven. | 2 5 | 
, THE ſame Thing may be likewiſe found out this 
Way : Calculate, (by the Problems demonſtrated in 


found where the Uſe of the Globes is taught) for 

the Moment of Time given, the Sun's Altitude, and 

the Angle between the Vertical and Hour-Circle 

at his Center, and make the Angle RSP equal 
thereto ; and take S R equal to the Sine of the Com- plate x1. 
plement of the Altitude, or the Sine of his Diſ- Fig, 2. 
tance from the Vertex, S E being the Radius, and 

then R will be the Point required. By the fame 
Methods, for all other different Moments of Time, 

we can find out other Poſitions of the Place on the 
Diſk. The Demonſtrations of all theſe Practices are 


jection. 5 | 
PROBLEM I. 


To find in an Eclipſe the Poſition of the Center of the 
| Pp Shadaw on the Diſe, for any given Time. 7 | 


LET AEB, as before, repreſent the Se1ii-4i/h, plate XL. . 
SE the Axis of the Ecliptick, C T the Path of the Fig. . 
Shadow, while it paſſes over the Diſk; and let it 
cut the Axzs of the Ecliptick in N. Now, when the 
Center of the Shadow is in N, then is the true Con- 
junction of the San and Moon, whoſe Time is known 


the Sun. Say, As the Horizontal Parallax of the 
Moon is to the Horary Motion of the Moon from the 
Sun, fo is the Semidiameter of the Diſk to a fourth 
Line M : This will be the Space which the Shadow 
moves through upon the .Diſk in an Hour, Then 


Ld 
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Lecture ſay, As one Hour is to the Time between the Con⸗ 


XIV. Junction and the Time for which the Poſition of the 
hadow is ſought; ſo is the Line M to a fourth; 
| this Line will ſhew the Diſtance of the Shadow in 
its proper Path, from the Point of Conjunction N, 
and conſequently the Place of the Shadow for the 
Time given. Suppoſe the Hour, which immediately 
precedes the Time of Conjunction, to be any Hour 
you pleaſe ; for Example, let it be the Fourth Hour; 
ſay, As one Hour is to the Time between the 
Fourth Hour and the Time of the Conjunction, fo 
let the Line M be to another, which is N 4; and 
the Point 4 will be the Poſition of the Shadow at 
Four of the Clock. Take likewiſe 4 3, 3 2, 4 5, 
56, equal to M; and the Points 2, 3, 4, 5, 6, will 
ſhew the Place of the Shadow at the Hours 2, 3, 4, 
and 6. | | 
Tortse Things being premiſed, let AEB be half 
the Diſk, as before, C T the Path of the Shadow 
upon the Plane of the Diſk, which the Axis of the 
T Ecliptick cuts in N; and when the Shadow comes 
Plate XI. to N, then is the Time of the true Conjunction. 
Fig. 4. Let, for Example, the 2d be the Hour which im- 
| mediately precedes the Time of the true Conjunc- 
tion, and then mark in the Path of the Shadow its 
The Calcu- Places at the Hours 1, 2, 3,4, 53 and likewiſe at the 


lation of ſame Time mark the Situation of the Place on the 


the Begin- Diſk at the ſame Hours; let them be I, II, III, IV, 
wine of the V. At one of the Clock the Diſtance of the Place 
EI and Shadow is 1 I; this, by applying to a Scale of 
equal Parts, is to be meaſured, and taken in Num- 
bers; and from thence deduct the Semidiameter of 

the Penumbra meaſured by the ſame Scale, and we 
have the Diſtance of the Place from the Edge of the 


Penumbra. 


AT Two of the Clock, after the ſame Manner, 


take the Diſtance of the Edge of the Penumbra 
from the Place which is then in II; the Difference 
of theſe Diſtances, ſince the Edge of the Penumbra 
is in both Caſes more Meſterly than the Place, * 

: t 


f 
] 
1 
] 
t 
i 
* 
b 
it 
F 
b 
E 
d 
1 


LECTURES: ET 


the Appropinquation or relative Motion of the Place Lecture 
to the Shadow in one Hour. Say then, as the Appro- XIV. 
pinquation of the Margin of the Penumbra to the Place | 

in one Hour is to the Diſtance of the ſaid Margin from | 
the Place at Two of the Clock, ſo one Hour is to the 

Diſtance of Time from Two till the Beginning of 

the Eclipſe ; which Time, added to the ſecond Hour, 

ſhews the Time when the Eclipſe begins. 


FROM the Poſition of the Place at II, to the Path The Calcus« 

of the Shadow, let fall the Perpendicular I I a: And lation of 

becauſe the Center of the Shadow is at 2, the Diſ- * bln = 

tance of it from the Place reduced to the Path, is Obſcuras 

2a. Alſo at the third Hour the Poſition of the Place tion. 

being III, let fall from thence a Perpendicular ILI 5 

on the Path; the Diſtance of the Shadow from the 

Place reduced is 36; the Difference of theſe two 

Diſtances is the Acceſs of the Shadow to the Place 

reduced; in the Time of one Hour; Meaſure this 

Difference with a Scale, and by the Rule of Pro- 

portion ſay, As the Acceſs of the Shadow to the 

Place reduced in one Hour, is to the Diſtance of the 

Shadow and Place reduced at Three of the Clock, 

ſo is one Hour, or 60 Minutes, to a fourth Time; 

which Time, added to the third Hour, gives the 

Time of the Middle of the Eclipſe, or of the greateſt | 

Obſcuration. „ 1 88 5 © Nt 
Ar Four of the Clock the Center of the Shadow The Calru- 

is in 4, and the Place in IV; and becauſe 4 LV is {ation of _ 

leſs than the Semidiameter of the Penumbra, ſubtract 45 . 

it from the Semidiameter, and there will remain the Nc. 

Diſtance of the Place from the Edge of the Penum- 

bra. Again, at Five of the Clock the Shadow is 

iti 5, and the Place in V ; and their Diſtance is 5 V, 

which is greater than the Semidiameter of the Penum- 

bra; and therefore, the Weſtern Edge of the Penumbra 

is now more. advanced towards the Ea than the 

Place is; and therefore, before that Time the Penum- 

bra has quitted the Place, and the Eclipſe is at an 

End. From the Diſtance 5 V, ſubduct the Semi- 

diameter of the Penumbra, and there will be left the 

Diſtance between the Place and the Vſtern Side of 
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NIV. 


Annen 
Lecturethe Penumbra: And becauſe, in the former Caſe, at 


Four of the Clock, the Edge was Heſtward of the 
Place, and it has now got to the Za/? of it, the rela- 
tive Motion of the Penumbra and Place muſt be eſti- 
mated by the Sum of theſe two Lines or Diftances. 
Say then, As the Sum of theſe two Diſtances is to the 
Diftance of the Edge of the Penumbra from the Place 
at the fourth Hour, ſo is one Hour to a fourth Time; 


which Time, added to Four, gives the Time when the 
Penumbra leaves the Place, or it will ſhew the End 
of the Eclipfe. | = 
TE Motion of the Shadow in its Path is * 94+ 


at leaſt all the Time of an Eclipſe it may be e 


emed 
equable. But the Motion of a Place upon the Diſk 
is no ways equable, but towards the Edge of the 
Diſk it is flower ; when it comes towards the Middle 
it goes nts. e Lat om in equal Time. More- 
over, our Calculus ſuppofes, that the relative Motion 
of the Moor and Shadow are equable ; and the Middle 


of the Eclipſe, or greateſt Obſcuration, to be where 


the Line, which joins the Place, and the Center of 
the Penumbra, is perpendicular to” the Path of the 


Shadow; neither of which is preciſely true, and there- 


Correction 
Fan Er- 
ror ⁊ubiob 
may ariſe. 


fore, there will arife ſome ſmall Error; but it may 
be corrected in this Manner: At the Time of the 
Beginning of the Eclipſe, find out the Place of the 
Shadow, and likewiſe, for the ſame Time, the Si- 
tuation of the Place upon the Disk. At the Center 


of the Shadow, with a Diſtance equal to the Se- 


midiameter of the Penumbra, deſcribe a Circle: If 
this Circle paſſes thro? the Point the Place is in, then 
is the Beginning of the Eclipſe rightly determined; 


but if this Circle does not paſs through the Place, 
note the Diſtance of the Place and the Periphery, 


and take the relative Motion of the Place and Mar- 


gin of the Penumbra for half an Hour; and work 


ain vy the Rule of Proportion, as before, and we 
ſhall then have the true Time of the Beginning of 
the Eclipſe. ' And by the ſame Method we may cor- 


rect the Error that may ariſe in computing the End 


of the Eclipſe. And by this Means we may have the 
my Beginning 
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Beginning and End of Eclipſes as accurately as by Lecture 
the common Method, which is by a troubleſome XIV 

Calculation of the Parallares; where they likewiſe guy 
ſuppoſe, that the viſible Motion of the Moon is 8 
equable for a certain Time; which, nevertheleſs, is 
as unequable as the Motion of a Place upon the Disk 
is. a | 

Ir about the Time of the Middle of the Eclipſe, The Quax- 
at the Center of the Shadow, a circle be deſcribed, ty of the 
whoſe Radius is equal to the Semidiameter of the 377 | 
Moon; and if likewiſe we deſeribe another Circle, _ ak 
_ Whoſe Center is the Place of the Spectator, and whoſe 
Radius is the Semidiameter of the Sun; the Interſec- 
tions of theſe two Circles will ſhew the Phaſes at the 
greateſt Obſcuration. | | I 
Ix there be ſome; who are not pleaſed with this The Cm. 
mechanical Way of meaſuring Lines and Diſtances f*#4*0z by 
bya Scale, they may compute all the Lines by Tri- 2 
gonometry in the following Manner: As before, let 
AE B be the Disk of the Earth, P the Projection 
of the Polt, CN T the Way of the Shadow, the Plate XI. 
Point 2 its Poſition at Two of the Clock; and; for * 8.5. 
the ſame Time, let I I be the Situation of the Place 
of the Spectator. Let S E be the Axis of the Kelip- 
tick, which cuts the Path of the Shadow in N; 

SN will be the Latitude of the Moon at the Time 

of the Conſunction. From the Center of the Shadow 

and the Place draw the Line 2 S; IIS; to the Center 

of the Disk, and join 2 [I :- Then in the right-lined 

Triangle 2N $ we have NS the Latitude of the 

Moon, and 2N its Diſtance from Conjungtion at : 
Two of the Clock. We have likewiſe the Angle | 
2 NS; which is the Inclination of the Path to the | 
Circle of Latitude: Wherefore we can find out 2 S, | 
and the Angle 28 N. Again, in the Spherical Tri- | 
angle PS1I!, we have the Side PS the Complement 3 
of the Sun's Declination; and PII the Comple- | 
ment of the Latitude, together with the Angle S PII, | 
which is known by the Time; by which we can 
And the Arch 8 II, which is the Diſtance of the Syn 
from the Vertex; and the, Sine of this Arch is juſt 
+ L 2 | equal 
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ASTRONOMICAL 


Lectureequal to the Diſtance SIT, SE being made the Ra- 


XIV. 
— n—_ 


To find the 
Longitude 
of Places 
by Obſer- 
vations of 
Solar 
Eclipſes. 
Plaz XI. 
Fig. 2. 


dius : We may alſo find the Angle PSI I; to which, 
if we add or take away the known Angle PSE, we 
fall have the Angle NSI I. But the Angle 2SN 
was found out before; wherefore we have the whole 
Angle 2811. Laſtly, in the right-lined Triangle 
2811, we have the two Sides 28 and ITS, and 
the Angle contained between the two Sides; and 
therefore by plain Trigonometry we may find the 
Side 211, which was to be found out. Proceeding 
by this Method, there is no need for inquiring into 


the Poſitions of Place and Shadow on the Disk ; for 


they are to be found out by a Calculus without Pro- 
traction. „ 

TAE Longitudes of Places on the Surface of the 
Earth may be found out by Obſervations of Eclipſes 
of the Sun, as well as by thoſe of the on, viz. if 
we obſerve in that Place whoſe Longitude is wanted, 
the Moment of "Tine when the Eclipſe begins or 
ends, Let that, for Example, be at Five of the 
Clock; and at the Center V, with a Diſtance equal 
to the Semidiameter of the Penumbra, deſcribe an 


Arch of a Circle cutting the Path of the Shadow in 


d, that Point d will ſhew the Place of the Center of 
the Shadow at that Time. Meaſure the Diſtance 
Nd with a Scale, which being given, together with 
the Motion of the Mon from the Sun, we ſhall find 
the Time ig the Place of the Obſervation, when the 
true Chiu WPieecelebraied, In like Manner, by 


an Obſervation in any other Place, we may find when 
the ſame Conjunctian is celebrated according to the 
Time computed from the Meridian of that Place; 


and the Difference of thoſe Times being turned into 
Degrees and Minutes of the Aquator, will ſhew 
the Difference of Longitude between thote rwe 
Places. | - 
I's Practice it is convenient to make the Semi- 
diameter of the Disk ten Inches, that it may be di- 
vided by a Scale into 1000 Parts, which is done 
by the Help of a Diagonal Scale; for this Number 
is the Tabular Radius: And let SN, the HU 
| 0 


* 


af the Moon, and all the Lines whoſe Dimenſions Lecture 
are neceſſary to be known, be expreſſed by the ſame XIV. 
Parts. For if we ſay, As the Horizontal Parallax — 
of the Moon, which is expreſſed in Aſtronomical + © 
Tables in Minutes and Seconds, is to the Moon's La. 
titude, ſo is 1000 to a fourth Number; and then 
we take the Line 8 N out of the Scale, whoſe Di- 
menſion is expreſſed by this fourth; this Line will 
repreſent the Latitude of the Moon. And in like 
Manner we are to operate to find out the Length 
of the Way the Shadow advances in an Hour in 
its Path. And now we have ſhewed a new Way, 
by which the Times and Phaſes of an Eclipſe are 
to be defined, as they are to be ſeen from a parti- 
cular Place, which does not require a frequent or 
repeated Calculation of the Parallax, to have the 
viſible Place of the Moon in the Heavens, both as ta 
Longitude or Latitude; which Method is received by 
moſt A/tronomers, But our Method is much eaſter, 
and, as I think, no leſs accurate: For in the com- 
mon Method, the different Poſitions of the Eclip- 
tick, in reſpect of the Horizon, which are always 
changing, will produce great Inequalities in the 
Moons Motion, and will make her conſtantly alter 
Her Place, both as to Longitude and Latityde : So 
| likewiſe as the Moon aſcends or deſcends, the Paral- 
laxes will always be changeable; and except we often 
compute them, it will be hard to eſcape falling into 
an Error, 1 ; e | 
Bor becauſe the Method of computing Eclipſes 
by Parallaxes is that which is generally made uſe of 
by the Aſtronomers, it will be convenient likewiſe to 
explain that Method. And here I ſuppoſe the Reader | 
to be already inſtructed in the DoQrine of the Paral- | 
Taxes, either by other Aſtronomical Books, where it is | 
explained at Length, or by what we ſhall after this Þp 
ſay upon that Subject: And that being underſtood, 1 
the Principles on whach the Caculation is founded ate Jt 
eaſily apprehended, though the Practice of the Rules ii} 
is very difficult and tedious. a 
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Lecture F1RsT of all, the viſible Conjunction, and the 

XIV. Way the Mon is then to take in the Heavens, are 

to be determined, For in this. Caſe, the true and 

The com- viſible Conjunction are very different both as to their 

mon Me- Times and Places. The true Place of the Moon is 

thod of that which is ſeen from the Center of the Earib, 

Felipſes of the viſible Place is that which is ſeen from our Ha- 
1 bitation on its Surface. Let the Semicircle ABC 
repreſent an Hemiſphere of the Globe of the Earth, 

whoſe Center is P; from whence draw the Right 

Line TLS through the Moon at L, and the Sun 

at 8, at a much greater Diſtance; and therefore 

ſince the Centers of the Sun and Moon are ſeen in 

Plate XII. the ſame Right Line from the Center of the Earth, 

Fig. 1. they will appear in the ſame Point of the Heavens, 

and they will be in true Confunction. But a Spectator, 

on the Surface of the Earth at A, will obſerve the 

Centers of the Sun and Moon in diſtin Points of 

the Heavens, their Diſtance being the Arch S E. 

The Point where the Right Line T L, drawn 

hs through the Centers of the Earth and Moon, meets 

Moon's with the Heavens, is called the true Place of the 

true Place. Moon. But where a Right Line paſſing through the 

Eye of the Spectator on the Surface, and the Center 

The of the Moon, meets with the Heavens, that Point 

Moon's js called the viſible or apparent Place of the Moon. 

2 Let theſe Points be S and E; the Arch S E, which 

The is the Diſtance between the true and apparent Place, 
Moon's is called the Moons Parallax. Now, becauſe the 

Parallax. Points T and L, in reſpe& of the immenſe Diſtance 

0 of the fixed Stars, coincide, the Arch SE. will be 
the ſame, whether its Center be conceived to be in 

L, or in T; and therefore, the Arch SE is the 

Meaſure of the Angle SLE, or of the Angle ALT, 

which is equal to it. But the Angle ALT is the 

Angle under which the Semidiameter of the Harth 

AT, drawn through the Place of the Spefator, is 

feen from the Moon: And therefore, the Parallax 

of the Aeon is always equal to this Angle. And 

| this Angle is biggeſt when the Semidiameter is di- 

E: rectly ſeen from the Mon; for then the Angle LAT 

a GE. 18 
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is a Right Angle, and the Moon is ſeen in the Hori- Lecture 

zon, and therefore, the Horizontal Parallax is greateſt XIV 
of all. But if the Jon ſhould be in the Vertex F, © © N 

the Angle ALT would there vaniſh ; and the 4Joon's 
true Place would coincide with its apparent Place, 

whence there would be no Parallax. NT 

SINCE the Parallax of any celeſtial Body is al- 

ways equal to the Angle under which the Semi- 

diameter of the Earth, paſſing throygh the Place of 
the Spectator, is ſeen from that Body, there will be 

no ſenſible Parallax of the Sun. For, as I have fre- The Sun 

quently ſaid, the Earth ſeen from the Sun appears has no 

no bigger than a Point, and under no ſenſible An- Parallax. 

gle: But the Moon, when it is in the Horizon, has 

a ſenſible Parallax, and ſometimes it is greater than a 

Degree. 4 

HENCE it follows, that the Parallax always ſnews 

the Moon more depreſſed, or at a greater Diſtance 

from our Vertex, than it really is: This Depreſſion 

will change its Place according to the Ecliptick, and 

make the Moon appear to have a Longitude and La- 

titude different from what it has, when ſeen from . 

the Center of the Earth. For in the Figure, let pie XII. 

the Circle HC Z be the Meridian, or the Circle Fig. 2. 
paſſing through the Vertex of the Spectator and the 

Pale; let Z be the Vertex, HED the Horizon of 

the Place, C E the Ecliptick; in which let the 

Moon according to its true Place be in L, without 

any Latitude; let Z T be a Vertical Circle paſting 

through the Moon; and becauſe the Parallax always 

depreiles the Moox in the Vertical, the apparent Place 

of the Moon will be further diſtant from the /ertex 

Z, than the true Place is, Let the apparent Place 

be O, and fince the true Place is L, the Parallax 

will be LO; which being in the Vertical, or Cir- 

cle of Altitude, is called the Parallax of Altitude. 

Through O let there a Circle pats, which is perpen- 

dicular to the Ecliptick, meeting with the Ecliptick 

in me That Point will be the apparent Place reduced * 

to the Ecliptick, and the Arch Lm is called the 1 

Parallax of Longitude ; * O m, the viſible nn | 

| L 4 9 
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152 ASTRONOMICAL 
Lecture of the Moon from the Ecliptick, is called the Moon ? 
1 XIV. Parallax of Latitude. For determining the Phaſes of 
' , Eclipſes, as they are to be ſeen from a given Place, it 
is neceſſary to know at that Time the true Places of 
the Moon and Sun, which may be computed by Aſtro- 
nomical Tables from any given Moment of Time. 
Moreover, we muſt know the apparent Place of the 
Moon, which is to be determined from a true Place, 
by a Computation of the Moon's Parallax ; which 
being premiſed, the Times and Phaſes are thus found 
Out. | | | 
LET p be a Portion of the Ecliptick; S the 
Place of the Sun therein at the Time of the true 
Conjunction, and I the apparent Place of the Moon 
reduced to the Ecliptick; J the viſible Latitude 
Plate XII. of the Moon, and 1 8 will be its viſible Longitude 
Fig. 3. from the Sun. At a ſmall Portion of Time be- 
fore the true Conjunction, find out again the viſible 
Place of the Moon in the Ecliptick; which let it be 
4 Calcula- at p, and let pg be the Moon's viſible Latitude: 
tion of the Draw 9 o, which produce, and Jet it meet with 
wijible the Ecliptick in &; and 9 will be the viſible Way 
Eclipſe. of the Moon from the Sun at the Time of the Con- 
junction. In the Triangle g oz, right-angled at u, 
we have on the Difference of Longitude of the 
Moon from the Sun in p and J, and n the Difference 
of Latitude; whereby we can find the Angle gor, 
or q#p, which is _—_ to it, and which is the In- 
clination of the viiible Way of the Moon to the 
Ecliptick. From thence alſo we can find the Side 
o, and by them we can find the Lines ot, 1K, 
$4, and Sf, For p! is to go, as Is is to of: 
And in the Triangle , by having » and the 
Angle E, we can find o and 1, and thereby Sk 
and Sf. Now, when the Center of the Moon is 
ſeen at t, then is the viſible Conjun&#tm of the Sun 
and Mæon. And therefore we ſay, As go is to v7, 
or as pl is to 18, fo is the Time that the Moon 
moves through the Space 9, to the Time it moves 
through oz; and then we ſhall have the Time be- 
{ween the true and viſible Conjungtion. From 8 
; upon 
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upon the Way of the Moon let fall a Perpendicular Lecture 
8 m, and in the right-angled Triangle S Am, we have XIV. 
S + and the Angle 4; therefore, we can find out 8 . 
which is the leaſt viſible Diſtance, or the neareſt Ap-a - 
proach of both Sun and Moon. If this Diſtance be 
greater than the Sum of the Semidiameters of the Sun 
and Moon, there will be no Eclipſe viſible in that 
Place; but if it be leſs, the Difference reduced into 
Digits will ſhew the Quantity of the Eclipſe. Having 
the Side S n, and the Angle S m, which is equal to 
the Angle #, we can find out the Line # m, andthence 
the Time the Moon, in her viſible Way, takes to de- 
ſcribe the Line mn, which is the Time between the 
viſible Conjunction and the Moment of greateſt Ob- 
ſcuration. | | 
TAE Beginning of the Eclipſe is thus determined: Plate XII. 
Let p be a Portion of the Ecliptick, as before; Fig- + 
$ the Center of the Sun; let 9 be the viſible Way , cole. 
of the Moon, Sm its ſhorteſt Diſtance from the Sun. ion of 
Draw from the Sun to the Way of the Moon, the the Begin- 
Right Line 5g, equal to the Semidiameters of both 2ing and , 
Sun and Mien; And then, when the Center of the =; 
Moon comes to g, the Eclipſe will begin to be viſible, '** © 
and the two Margins of the Sun and Moon will ſeem 
to touch one another. In the rectangled Triangle 
18m, we have the Side Sg, equal to the Sum of the 
Semidiameters of the Sun and Men, and Sm the 
neareſt Approach of their Centers; from whence we 
can find out the Angle g Sm, the Angle of Inci- 
dence, and alſo the Side mn; and thereby we have 
the Time wherein the Moon deſcribes the Line n, 
and from thence the Time between the Beginning 
of the Eclipſe and the Time of the greateſt Obſcu- 
ration. 
AFTER the ſame Method we may find the Time 
of the viſible End of the Eclipſe. But here we 
muſt begin again, and compute anew, by the Paral- 
laxes, the viſible Way of the Mon from the Sun, 
after the Conjunction, which will not be the ſame it 
was before. For the Inclination of the viſible Way 
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Lecture is conſtantly changing, becauſe the Quantity of the 
XIV. Parallax is in perpetual Flux, as the Moon riſes and 
waa, falls in Altitude. Seek therefore, about an Hour after 

the Conjunction, the viſible Longitude of the Moon from 

the Sur, and its viſible Latitude, and from them com- 
pute the Inclination of the Afoon's Way from the Sun; 
which being found, by the ſame Method we found 
the Time of the Beginning of the Eclipſe, we may 
likewiſe find the Time of its End. 

A Deter- I the Phaſis of an Eclipſe for any Moment of 

mination of Time be required, find for that Time the Place of the 

#be Phaſis Mon in her viſible Way; and at that Center, and 

22 of With a Diſtance equal to the Semidiameter of the 


Time. Moon, deſcribe a Circle; likewiſe at the Center 8, 


with a Diſtance equal to the Semidiameter of the 
Sun, deſcribe another Circle; the Interſections of 
theſe two Circles will ſhew the Phaſis of the Eclipſe, 
and the Quantity of Obſcuration, as alſo the Poſition 
of the Cuſps or Horns. | 

BEFORE we make an End of this Doctrine of 
Eclipſes, it will be requiſite to explain one notable 
Appearance, and to ſhew the Reaſon. of it. 

IN total Eclipſes of the Moon, even when ſhe 
is near the Center of the Shadow, her Body is 
frequently to be ſeen of a pale and languid Colour, 
which could not be without her being illuminated 
with ſome Light; and ſome will wonder from 
whence ariſes this Light. Some ſuſpected that it 
was the native and proper Light of the Moon her- 
ſelf: Others derived it from the Planets and Stars; 
for the Interpoſition of the Earth intercepts all 
the Light of the Sun, and ſeems to bring a thick 
Darkneſs upon the whole Space taken up by the 
conical Shadow. But we mult conſider, that the 
Earth is ſyrrounded with a Sphere of Air of a con- 
| fiderable Depth and Denſity, which has a refrac- 
tive Power, whereby it turns the Rays of the Sun 
out of their Way when they fall upon it, and 
makes them enter the conical Shadow ; which 
therefore will be illuminated by that ſmall n 


Ht 


we - 


the which will illuminate the Maon, even when it is 
in the Midſt of the Shadow, and make it viſible to P! 
gur Eyes, as the Figure ſhews, 
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LECTURE IV. 


Of the Phænomena or Appearances arif- 
ing from the Motions of the Earth, and 
the two inferior Planets Venus and Mer- 


cury. 


EX ITHERTO we have contemplated the 
1 M Motions of the Earth and Moon, and have 
1 given an Account of many Appearances 
that ariſe from them. The Moon indeed 
is no primary Planet, but a ſecondary, which does 
no other Ways go round the Sun, the true Center 
of our Syſtem, than by accompanying our Earth, to 
whom ſhe properly belongs, in her annual Courſe 
round the Sun. | : 

B u r the chief and primary Planets of our Syſtem, 
which perform their Circulations round the Sun, 
without regarding any other Body, are in Number 
fix, viz. Mercury 8, Venus , the Earth , Mars 
„ Jupiter u, and Saturn b, whoſe Motions and 
Appearances are now to be explained. And, fir/?, 
we have already demonſtrated, that the Orbits of 
Venus and Mercury include the Sun, and that they 
are included within the Orbit oſ the Earth; and 

| | | | ſince 


of Light, which falls obliquely on our Atmoſphere, Lecture 
and imparts to all the Bodies within it a faint Light, XV. 


1 , — 
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Lecture ſince they finiſh their Calculations in leſs Time than 


XV. 
— 


the Earth does, it is manifeſt that theſe Planets, ſeen 
from the Sun, will appear in the Heavens ſometimes 
nearer, and ſometimes further from the Earth; and 
that ſometimes they may from thence appear in the 
ſame Point, and ſometimes in oppoſite Points of the 
Heavens, with the Earth, And becauſe Venus and 
Mercury are carried faſter about than the Earth, a 


 Spedtater in the Sun, after ſeeing either of them in 


Tuo Caſes 
of Con- 
; junctions. 


Plate 
XIII. 
Fig. 1. 


Conjunction with the Earth, will ſee it recede from 
the Earth, which follows with a flower Motion, 
and get by Degrees a good Way to the EH of the 
Wy al * e 

As theſe Planets, ſeen from the Sun, change their 
Poſitions in reſpect to the Earth, fo likewiſe we, 
ſeeing them from the Earth, obſerve that they change 
1 — in reſpect to the Sun, and are ſome- 
times nearer, ſometimes further removed from him; 
and ſometimes they appear in Conjunction with the 
Sun, But the Conjunctions of theſe Planets, ſeen from 
the Earth, do not only happen when the Earth and 
they are ſeen together in Conjunction from the Sur, 
but alſo when a Spectator in the Sun fees the Earth 
and them in Oppoſition: Even then the” Sun and 
they, ſeen from the Earth, appear to be in Conjunc- 
tion. For let S be the Sun, ABC the Orbit of the 


Earth, FHB the Orbit of Venus; and let the Earth 


be in T, and Venus in V, in the Line which joins the 
Centers of the Earth and Sun: In this Poſition, Venus, 
feen out of the Sun, is in Conjunction with the Earth, 
as the Sun from the Earth is ſeen conjoined with 
Venus. 


Bu r if the Earth were in T, and Venus in F, a 


Spectator in the Sun will fee Venus and the Earth in 


ppoſition, or in oppoſite Points of the Heavens. 
But a Spectater in the Earth will ſee Venus not in 
Oppoſition to the Sun, but in Conjunction with him. 
In the firſt Caſe of theſe Conjunctions, Venus is be- 
tween the Sun and the Earth; in the other the Sun 
is fituated between the Earth and Venus; and Venus 
goes 


2 
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The Arch of a great Circle, intercapted between Venus 
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goes above the San: The firſt is called the inferior Lecture 

Conjunction, the ſecond the ſuperior. | XV, 
AFTER either of theſe two Sorts of Conjunfions, uy 

Venus will ſeem daily to remove further from the 

Neighbourhood of the Sun, and will daily ſeem to go 

further off from him; but ſtill ſhe keeps within cer- 

tain Bounds, for ſhe never comes to be oppoſite to 

the Sun; nor does ſhe even arrive at a Quadrantile 

Ajpet, which is go Degrees; or a Sextile Afpett, 

which is 60 Degrees diſtant from the Sun. And Ve- 

nus is ſeen at her greateſt Diſtance from the Sun, 

when the Line, which joins her Center with the 

Earth, touches the Orb of Venus, as about D. For 

when this Planet is farther advanced to H, its Place 

in the Heavens is ſeen to be nearer to the Sun than it 

was before at D. Now, before ſhe came to D, ſhe 

always receded more and more from the Sun: And 

after ſhe has left D, ſhe every Day comes nearer to the 

Sun: It is neceſſary, that between the Times of her 


Receſs and Approach, ſhe became ſtationary in reſpect 735% Elom- 


to the Sun, and for ſome Time appear to keep the gation of 
ſame Diſtance from him; at which Time the viſible 2 Planet 
Motion of Venus will be equal to that of the Sun Jun wo 
and the Sun, is called the Elongation of that Planet 
from the Sun. : TO 

B ur here it is to be obſerved, that only in a Cir- The Elox- 
cle, which has the San for its Center, the greateſt % 15 
Elongation happens, when the Right Line, which 1 
joins the Earth and Planet, touches. For in an ere DEA 
liptick Orbit it may be, that the Elongation from ix @ Line 
the Sun may grow {till greater, even after it has left *ouch!ng 
the Place where the Line, joining the Earth and Pla- Le _ 
net, touches its Orbit: For after that, the true Diſ- 3 85 
tance ob the Planet from the Sun may increaſe, whilſt 
the Diſtance of the Sun and Planet from the Earth 
does not increaſe, but they may rather decreaſe. And 
therefore in two Triangles the greater Baſe will ſub- 
tend the greater Angle. But becauſe the Orbits of the 
Planets are nearly circular, ſuch ſmall Differences may 
be here neglected. 

THE 
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Lecture THE greateſt Elongation of Venus is found by 


ASTRO NOMIT COA 


XV. Obſervation to be about 48 Degrees, by which, in 2 


Cys Circular Orbit, we may know the Diſtance of Venus 


from the San, in reſpect of the Earth's Diſtance from 
the ſame: For ST is to 8 D, as the Radius is to the 
Sine of the Angle ST D, which is the greateſt Elon- 

tion. 8 | h 
Heck alſo it is manifeſt, that Venus, from the 
Time of her ſuperior Conjunction, where ſhe is fur- 
theſt from the Earib, to the Time of her inferior 
Conjunction with the Sun, where ſhe approaches 
neareſt it, is always ſeen more Eafterly than the 
Sun; and all that Time Venus ſets later than the 
Sun, and is ſeen after Sun- ſetting; and then ſhe is 
called the Evening-Star or Veſperus, being a Fore- 
runner of Night and Darkneſs. But from the in- 
ferior Conjunction, till ſhe comes again to the ſupe- 


ior, ſhe is always obſerved to be to the Veſtward of 


the Sun, and conſequently muſt fet before him in 


"the Evening, and rife before him in the Morning, 


and then ſhe is only to be ſeen before Sun-rifing ; 


when ſhe is called the Morning- Star, or Phoſphorus, 
her Appearance foretelling that Light and Day are at 


Hand. | Ba 
LET us now ſuppoſe Venus and the Earth to be 


| ſeen out of the San in Coxjunction, and the one to 


be at V, the other in T, in the ſame Point of the 
Ecliptick: In which Poſition Venus and the Sun are 


ſſeen from the Earth likewiſe in Conjunction. After 


this, Venus circulating faſter than the Earth, being 
come again to V, and having finiſhed her Courſe, 
and by an angular Motion round the Sun, deſcribing 
four Right Angles, will not have overtaken the 
Earth ; who in the mean Time has proceeded far- 
ther in her proper Orbit. And therefore Venus muſt 
ftill move farther on to come in a Right Line be- 
tween the Sun and the Earth. Let SL M be the 
next Right Line in which Venus is ſeen from the 
Sun together with the Earth, ſo that Venus may be 
in L, when the Earth is in M: Nov, before Ve- 
nus can overtake the Earth, the muſt not _ 
3 ni 
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finiſh her own Calculation, or four Right we Lecture 


but alſo ſo much angular Motion more, as the Eartb XV. 
has made in the mean Time round the Sun. Now, 
the angular Motion of Venus and the Earth, performed 

in the ſame Time, are reciprocally as the periodical 


Times of Venus and the Earth. And therefore, as The Time 


the periodical Time of the Earth is to the periodical between 
Time of Venus, ſo is the angular Motion of Venus the Con- 
(which is equal to four Right Angles, and moreover . 
to the angular Motion the Earth makes from the ind. 
Time of one Conjunction to the next) to the angular 
Motion of the Earth. And therefore, by Diviſion of 
Proportion, as the Difference between the periodical 

Times of the Earth and Venus is to the periodical Time 

of Venus, ſo are four Right Angles to a fourth Quan- 

tity z which ſhews the angular Motion of the Earth, 
from the Time of her Conjunction with Venus, to the 

Time of the next Conjunction of the ſame Kind. 

Now, the periodical Time of the Earth is 365 Days 

and 6 Hours, or 8766 Hours. And the Period of 
Venus conſiſts of 224 Days 16 Hours, or 5392 Hours, 
whoſe Difference is 3374 Hours. Say then, as 3374 


is to 5392, ſo are four Right Angles, or 360 De- 


grees, to a fourth Number of Degrees, which is 575; 
which Motion is equal to a Circulation and an half, 
and befides 35 Degrees; which angular Motion 


the Earth makes in the Space of one Year and 218 8 


Days. And therefore, if Venus ſhould be this Day 
in Conjunction with the Sun, in the inferior Part of 
her Orbit, ſhe will not come to the ſame Conjunction 
again till after a Year and ſeven Months and twelve 
Days. And if one Conjunction be in the Beginning 
of Aries, the next will fall out when the Sun is in 
Scorpio, There is the ſame Diſtance of Time be- 
tween any two other ſimilar Poſitions of Venus and 
the Sun. For Example, between two ſuperior Con- 
junctions, or between two ſuch Situations of Venus, 
where ſhe has a given Elongation from the Sus the 
ſame Way. 
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Another 


ASTRONOMICAL 


Lecture THIS Problem, and another of the ſame Nature, 
XV. about the Conjunctions of the Sun and Moon, are other- 


wile ſolved by the A/tronomers ; for they find out the 
diurnal Motion of Venus ſeen from the Sun, and like- 


Way of do- wiſe the diurnal Angular Motion of the Earth; and 


ing the 


the Difference of theſe Motions is the relative diur- 
nal Motion of Venus from the Earth, or the Quan- 
tity by which Venus is ſeen to recede from the Earth 
every Day, by a Spectator in the Sun. Thus the mid- 
dle Fred of the Earth is every Day about 59 Mi- 
nutes and 8 Seconds: Yenus's middle ee in a Day 
is 1 Degree, 36 Minutes, and 8 Seconds, whoſe Dif- 
ference is 37 Minutes. Say therefore, As 37 Minutes 
is to 360 Degrees, or 21600 Minutes, ſo is one 


Day to that Space of Time, wherein Venus, having 


left the Earth, has receded from her 360 Degrees; 
that is, to the Time in which ſhe returns to the Earth 
again, which is the Time between two Conjunctions 
of the ſame Kind, which will be found to conſiſt of 
553 Days. — 

UT theſe Confunctians are here computed ac- 
cording to the middle Motions of the Planets, ſup- 
poſing them to move always equably, or with the 
fame Angular Velocity; and they are therefore 
called mean Con unctians. But becauſe Yenus and 


the Earth are really carried in Elliptick Orbits, in 


which their Motions are conſtantly variable, ſome- 
times going faſter, and ſometimes flower; it may 
be, that the true Conjunttions ſhall happen ſome 
few Days fooner or later than the Computation 
we have given; yet having the Time of the 
mean Conjunction, the true Conjunction is from 
thence to be computed after this Manner : Let 


ABC be the Ecliptick, in which A is the Point 


where the Planets are to be in Conjunction accord- 
ing to the mean Motion, For the Time of this 
Conjunction, compute by Aſtronomical Tables the 
true Places of the Earth and Venus in the Eclip- 
tick ; and ſuppoſe Venus's true P.ace in the Eclip- 
tick to be D, and the Earth in T, by which we 
ſhall find the Diſtance of the Earth and Venus 

ſeen 
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feen from the Sun: But we have, for that Time, Lecture 
the angular Motions of theſe two Planets for any XV 
given Space of Time; for Example, for fix Hours; _ 


and the Difference of theſe two Motions will give 
the Acceſs of Venus to the Earth, or her Receſs 
from it in ſix Hours. Say then, As this Difference 
of Motions is to D T, ſo is fix Hours to the Time 
between the mean Conjunction and the true; which 
Time added to, or ſubtracted from, the Time of 
mean Conjunction, as Venus is to the Eaſt or W:/t 
of the Earth, ſhews the Time of their true Con- 
junction. 


I T is plain from the Inſpection of the Figure, venus 
that though Venus does nearly always keep the ſame conffantiy 
Diſtance from the Sun, yet ſhe is continually chang- Ye ber 


ing her Diſtance from the Earth; and her Diſtance 


junction with the Sun; and it is the leaſt when 
ſhe is in her inferior Conjunction; And the Diffe- 
rence is fo great, that it equals the whole Dia- 
meter of /enus's Orbit; ſo that the Diſtance of 
Venus from the Earth, when ſhe is in her ſuperior 
Conjunction, is to her Diſtance from the Earth in 
the inferior as 1 to 6: And therefore Venus ap- 
proaches the Earth ſix Times nearer in the one Po- 
nition than in the other; and juſt fo much are the 
apparent Diameters of Venus changed, as we obſerve 
them to be. But theſe greateit and leaſt Diſtances 
are ſomewhat changeable, upon the Account of the 
Elliptical or Excentrick Orbits: For Venus is then 
molt remote from the Earth, where the ſuperior Con- 
junction happens when Venus and the Earth are both 
in their Aphelions. And the Diſtance of Venus and 
the Earth is the leaſt of all, when the inferior Con- 
jundtion falls out when Venus is in her Aphelion and the 
Earth in her Perihelion, — 


BECAUSE Venus is an opake Globe without any The Phaſes 
Light of her own, and only ſhines with the bor- / Venus 
rowed Light of the Suu, that Face of Venus will only like thoſe 


appear bright, which is turned towards the Sun, Arn 


while 


: : g . th 
is greateſt when ſhe is ſeen in her ſuperior Cat 
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Lecture while the oppoſite remains. in Darkneſs; and for 
XV. want of Light is altogether inviſible. Wherefore, if 
de Situation of the Earth be ſuch, that this dark Side 


Plate 


XIII. 
Fig. 3. 


of Venus be turned towards the Earth, Venus will be- 
come inviſible, except by chance ſhe appear like a 
black Spot on the Diſk of the Sun: But if the whole 
illuminated Face of Venus be turned towards the 
Earth, as it is when ſhe is near her ſuperior Conjunc- 
tion, then ſhe appears like a full ſhining Orb; and 
according to the different Poſitions of the Earth, Venus, 
and the Sun, Venus will have different Forms, and ap- 
pear with different Faces and Figures, and will under- 
go the ſame Change and Vicifhtudes in her Appear- 
ances that the Moon does. | | 
LET ABCDEFGH be the Orbit of Venus, 
T L a Portion of the Orbit of the Earth, in which 
the Earth is at T, and let Venus be in A in her ſu- 
perior Conjunttion with the Sun; it is manifeſt in 
this Situation of theſe two Planets, that the Face 
of Venus, which is illuminated by the Sur, is like- 
wife turned towards the Earth; and then Venus 
will appear to us like a full, lucid, Circle, as the - 
Moon does at Full: But when ſhe is gone from 
thence to the Poſition B, ſome Part of her obſcure 
Hemiſphere will be turned towards the Zarrth, and 
will loſe ſomething of her Fullneſs, and ſeem to us 
to be gibbous. When Venus comes to the Poſition 
C, but half her illuminated Side is turned towards 
the Earth, and then ſhe is ſeen like a half Circle, 


as the Moon is when ſhe enters in her firſt or laſt 


Quarter. But Venus, when ſhe arrives at the Poſi- 
tion D, has but a ſmall Part of her illuminated 
Side turned towards the Earth And becauſe ſhe is 
of a ſpherical Figure, which to us, becauſe of its 
reat Diſtance, appears like a Plane; the illuminated 
t which we ſee; will appear to End in Points or 
Horns, whoſe Direction is always oppoſite to the 
Fun. But Venus, when ſhe is in the Pofition E, 


that is, in her inferior Conjunction with the Sun, has 


her dark Side totally turned towards the Earth; and 
then 
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then ſhe quite diſappears, unleſs ſhe happen ta be in Lecture 
her Node, or near it; then ſhe will appear like a XV. 
black Spot to paſs over the Body of the Sun, which 
delightful Spectacle was never ſeen by mortal Eyes 
but once; and it was our Countryman Mr. Horrox, 
who alone enjoyed that Pleaſure. Venus will undergo 
the ſame Phaſes while ſhe paſſes through F, G to H; 

Dix. about F, ſhe is horned, in G a half Circle, in H 
gibboſe, and in A again full. | | 
THESE Appearances of Venus, though they are 
not to be diſcerned by the naked Eye, yet they are 
diſtinctly and plainly to be perceived with a Tele- x 
ſcope, Before the Invention of this noble Inſtrument, 
when Copernicus firſt revived the ancient Pythagorean 
| Syſtem, and propoſed it to the Learned in A/tronomy, 
to whom he maintained that the Planets, among 
which he reckoned the Earth, did move round the 
Sun, which was immoveable in the Center; it was 
objected to him, that if the Motions of the Planets 
were ſuch as he ſuppoſed them to be, then Venus 
ought to undergo the ſame Changes and Phaſes as the The Pre- 
Mom does. Copernicus anſwered, ' that perhaps the phecy of 
Afronamers in After- ages would find, that Venus does n ni- 
really undergo all theſe Changes. This Prophecy of 5," - 4 
8 was firſt fulfilled by that great Italian Phi. IP 
loſopher Galileus, who, directing his "Teleſcope to by Gali- 
Venus, obſerved her Appearances to emulate the Moon, leus. 
as Copernicus had foretold : And theſe Obſervations 
did ſurpriſingly confirm the old Syſtem revived by 
Copernicus. 
I the Centers of the dun at S, Earth at T, and Plate 
one of the inferior Plauets at O, be joined with XIII. 
Lines, they will form the Triangle TSO: And if Fig. 45 
through the Center of the Planet there paſs two Planes, 
one perpendicular to the Line TO, and the other to 
the Line SO; the one will cut off thighHemiſphere, 
which is turned towards the Earth; the other, that 
which is turned towards the Sx, and by him illu- 
minated. And the exterior Angle of the Triangle 
TSO, which is at the Planet, that is, the Angle 
M 2, PO 83 
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Lecture PO 8, will be equal to the Angle mOg, which 
meaſures mg the Portion of the illuminated Semi- 
7 circle that is turned towards the Earth. For the An- 
| gie SOr is a right Angle, and fo is the Angle » 
0 T, which are therefore equal; but the Angles r 
OP and p O are likewiſe equal, being vertical to 
each other; and therefore taking away Equals from 
The Quan- Equals, there will remain the Angle S OP, equal to 
tity II. the Angle mOg; which Angle is meaſured by the 
dufiratior. Arch mg. And therefore the Part of the illuſtrated 
Semicircle which is towards the Earth, and is to be 
| ſeen from thence, does always meaſure the exterior 
Angle SO of the Triangle SOT. Now, this 
Arch, as ſeen from the Earth, is projected into its 
own verſed Sine upon the Diſk, as we ſhewed before 
in the Moon. And hence the Illumination of Venus 
ſeen from the Earth, is to her full and total Illumina- 
tion, all other Things remaining the ſame, as the 
verſed Sine of the exterior Angle at Venus is to the 
Diameter of the Circle. | 
Venus ap- ALTHOUGH Venus in A ſhines upon the Earth 
pears nel at T with a full Face or Orb, yet ſhe does not appear 
ww1th her there with her greateſt Brightneſs. and Luſtre; for 
eg her Splendor is diminifhed on the Account of her 
avhen fe greater Diſtance from the Earth; and it is leſſened 
ſhines with in a greater Proportion than the conſpicuous Part of 
#/ll Face. the illuminated Diſk is increaſed. For the Luſtre of 
Venus decreaſes in the duplicate Proportion of the 
Diftance increaſed. But the viſible illuminated Part 
of her Face. increaſes only according to the verſed 
Sine of the Angle SOP; and therefore the greateſt 
Brightneſs of Venus is not when ſhe is in A, but ra- 
ther when ſhe is about O. For ſuppoſe Venus at O 
four Times nearer the Earth, than when ſhe is in 
A; in that Caſe, every determined Part of the illu- 
minated Diſk will give fixteen Times more Light than 
the ſame Part does at A: But in O it may happen, 
that only a fourth Part of the illuminated Diſk can 
be ſeen from the Earth; and therefore, the Bright- 
neſs of Venus is more increaſed by her Diſtance being 
| | diminiſhed, 
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diminiſhed, than the ſame Brightneſs is leſſened on Lecture 
Aecount of a ſmaller Portion of her illuminated Diſk XV. 
being viſible from the Earth. | Gn 

IF you deſire to know in what Poſition Venus ap- Wyre the 
pears with the greateſt Luſtre, the great Geometer and 1%/ra'wn 
Aſtronomer, Dr. Edmund Hall:y, my Colleague, has Ecard. 

iven us an elegant Solution of this Problem in the 
e ee e mene, Numb. 349; wherein he 
has ſhewn, that Venus is brighteſt when ſhe is about 
40. Degrees removed from the San; and that then 
but only a fourth Part of her lucid Diſk is to be ſeen 
from the Earth. And in this Situation Venus has been 
many Times ſeen in the Day-time, even in full Sun- 
ſhine. This Beauty and Brightneſs of Venus is very ad- 
mirable; who having no native Light of her own, and 
only enjoying the borrowed Light of the Sun, ſhould 
yet break out into ſo great a Luſtre, that the like is 
not to be obſerved in Jupiter, nor even in our Moon, 
when ſhe is in the ſame Elongation from the Sun. It 
is true, the Moon's Light is much greater, upon the 
Account of her apparent Magnitude, than that of 
Venus; yet it is but a dull, and as it were, dead Light, 
which has nothing in it of that Vigour and Briskneſs 
that does always accompany the Beams of Venus. 

Ir the Plane of the Orbit of Venus coincided per- The Plane 
fectly with the Plane of the Ecliptick, Venus would g, Venus's 
always ſeem to move in the Ecliptick, and no where , 74 e 
recede from it. But Venus's Orbit does not lie in the zz; Eclip- 
Plane of the Ecliptick, but is in a Plane which is zick. 
inclined to it, in an Angle of 3 Degrees and 24 Mi- 
nutes, and cuts the Plane of the Ecliptick in a 
Line which paſſes through the Sun's Center, that is 
called the Line of the Nodes. And the two Points, The Line of 
where the Orbit of the Planet produced cuts the % Nodes, 
Ecliptick, are named the Nodes. And therefore Venus 
is never ſeen, either from the Sun or the Earth, in l 
the Ecliptick, but when ſhe is in the Maes; in all | | 
the other Points of her Orbit, ſhe is ſometimes nearer 
to the Ecliptick, ſometimes further from it ; and ſeen 
from the Sun, ſhe makes her greateſt Excurſion, 
when ſhe is 90 Degrees diſtant from both the Nages. 

M 3 LET 
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Lecture LET TAB be a Circle in the Plane of the 
XV. Ecliptick, L»VN the Orbit of Venus, cutting the 
wy Plane of the Ecliptick in the Line N; we muſt 
Plate conceive the one half of this Orbit of Venus n LN 
XIII. to be raiſed, or to ftand above the Plane of the Eclip- 
Fig. 5. tick, and the other half »VN to fall below that 
Plane; and when Venus is in N or u, ſhe is then in 

the Ecliptick : But when ſhe arrives at P, ſhe is ſeen 

to deviate from it: But in L, the Arch NL being a 
Quadrant ſeen from the Sun, ſhe appears to recede 

the furtheſt from the Ecliptick; and this Point L is 

called the Limit, determining her greateſt Excurſion ; 

for from thence departing, the again approaches the 
Ecliptick. If from the Place of Venus, as in P, we 

let fall on the Plane of the Ecliptick, a Perpendicular 

PE, and draw SE, the Angle PS E will mea- 

ſure the Diſtance of Venus from the Ecliptick, which 

T+e Helio- is called Venus's Heliocentrict Latitude, or ſuch as it 
centrick is ſeen from the Sun. Now this Latitude, having 
Tatitude. the Place of the Planet in its Orbit, is thus inveſti- 
gated : Let the Arch N E be a Portion of the Eclip- 

tick, NP a Portion of the Planet's Orbit pro- 

duced to the Heavens: Let P be the Place of Venus, 

N the Node; and let a Circle: paſs through the Place 

of the Planet perpendicular to the Ecliptick; the 

Arch PE of this Circle, intercepted between the 

Planet and the Ecliptick, is the Diſtance of the 

Planet from the Ecliptick, or the Meaſure of the 


Angle PS E. Now, in the ſpherical Rectangular - 


Triangle P NE, beſides the right Angle at E, we 
have the Side NP, the Diſtance of the Planet from 
the Node, alſo the Angle N the Inclination of the 
Plane of the Orbit to the Ecliptick ; wherefore, by 
Trigonometry we can find out PE, which is the 
Heliccentrick Latitude of the Planet. This Haeliocen- 
Yrick Latitude, when the Planet comes to the ſame 
Point of its Orbit, is always the ſame and unchange- 
De Geo- able: But the Geocentrick Latitude, or the Diſtance 
cenzrick of the Planet from the Ecliptick, as it is ſeen from 
Latitude, the Earth, even though the Planet be in the ſame 
Paint of her Orbit, is not conitantly the fame, but 
- | | alters 
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alters according to the Poſition of the Earth, in re- Lecture 
ſpect to the Planet. For let BT Az be the Or- XV 

bit of the Earth Pu N, as before, the Orbit of a, 
the Planet, which ſuppoſe to be at P; from which 
let fall on the Plane of the Ecliptick the Perpendi- 

cular PE: In whatever Part of her Orbit the Earth Plate 
is, this Line PE will always ſubtend the Angle XIII. 
which meaſures the Geccentrict Latitude of the Pla- Fig. 6. 
net. Suppoſe therefore the Earth at T, and Venus 
in P, where ſhe comes neareſt to the Earth; in 
which Poſition Venus is ſeen in her inferior Conjunc- 
tion with the Sun, and her Geocentrical Latitude is 
meaſured by the Angle PTE. But if Venus ſhould 
be in the ſame Situation P, and the Earth were at 
t, and from thence Venus were obſerved in her 
ſuperior Conjunction with the Sun, where ſhe is at 
her greateſt Diſtance from us, her Geccentrick La- 
zitude would be anſwerable to the Angle Pt E, 
which is much leſs than the Angle PT E; becauſe 
the Diſtance P;? is greater than PT. What we 
have here ſaid of the Latitude of Venus, is like- 
wiſe true of that of Mercury, and upon the ſame 
Account. Hence it is plain, that the inferior Pla- 
nets, all other Things remaining the ſame, have a 
greater Latitude when they are near the Earth, than 
when they are further off. And it may happen, that 
the Geccentrical Latitude of Jenus may be greater than 
her Hleliocentrick, which will be when ſhe is between 
the Sun and the Earth, and ſhe is nearer to us than 
the San. But Mercury keeping always at a greater 
Diftance from the Earth than he is from the Sun, his 
Geocentrick Latitude will conſtantly be leſs than his 
Helixcentrick, which, when at the biggeſt, is about 7 
Degrees; for ſo much is the Inclination of his Orbit 
to the Plane of the Ecliptick. : 
SINCE none of the Orbits of the Planets lie in 
the Plane of the Ecliptick, but all of them cut it 

in a Line paſſing through the Sun, no Planet can be 
above twice in the Time of itz Period in the Eclip- 
tick, which is when they are in their Nedes; at 
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Lecture all other Times every one of them will deviate, 
XV. ſome more, ſome leſs, from the faid Plane of the 
Was Ecliptick: But yet there are certain determinate 
Boundaries which they never tranſgreſs. And there- 
fore, if we imagine in the Heavens a Zone, or broad 
| Circle of 20 Degrees Breadth, that is, 10 Degrees on 
0 The Zo- each Side of the Ecliptick, which lies exactly in the 
= diack. Middle of this Space or Zone; ſuch a Space will 
1 conſtantly contain all the Planets in its Compaſs, 
| and is called the Zodiact, from the Images of living 
1 Creatures, or the Conſtellations which fill that Part 
j! | of the Heavens: The Earth keeping always, as it 
were, in the King's Highway, never turns out from 
its Courſe in the Ecliptick; but the Moon and the 
' other five Wanderers will make Excurſions from 
it, for ſeveral Degrees, ſometimes to the North-ſide, 
and ſometimes to the South-/ide of the Ecliptick ; 
and yet they always keep within the Bounds of the 
Zodiack. | WS 
The Motion HITHERTO we have conſidered the Motion and 
4 bs Phaſes of Venus, as they have a Relation to the Sun 
4 and Earth: Let us next conſider the Motions of 
Venus in the Heavens, as they are obſerved from 
the Earth, and the Way ſhe takes in the Zo- 
| | diack. For which Purpoſe, let ABC be the Orbit 
0 of Venus, T GF the Orbit of the Earth, the Circle 
| LMO the Zezdiack among the fixed Stars: And, 
67 rt, ſuppoſe the Zarth in T, and Jenus in A, near 
1 | her ſuperior Conjuntion with the Sun; it is evi- 
1 dent, that a Spectator on the Earth will fee Venus 
4 at A, as if ſhe were in the Point of the Zodiac 
| Plate L: If the Earth Lad no Motion while Venus moves 
XIII. from A to B in its Orbit, it would ſeem to deſcribe 
Fig. 7. the Portion of the Zodiack LM: But in the mean 
| Time, the Earth alſo moves; and when Venus is in B, 
the Earth is come to the Point of its Orbit H; from 
whence the Spectator looking upon Venus at B, ob- 
i: | ſerves her in the Zoadiack at N; fo that ſhe will ſeem 
i to have run through the Space L MN in the Zodack - 
1 | | and Pens will appear to have gone more Zaftward 


than 
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than ſhe would have done, had the Earth ſtood ftill Lecture 
without any Motion in its Orbit. But when Venus XV. 
comes to C, the Earth has moved on to G; fo that 
Venus is ſeen in the Line GO drawn from the Earth, Venus 
which touches her Orbit; in which Poſition her ap- Direct. 
parent Motion in the Zodiack will be very nearly 
equal to the apparent Motion of the Sun. From 
thence let Venus move on from C to A, and in that 
Time the Earth will have come from G to K, and 
then Venus will be ſeen near her inferior Conjunction 
with the Sun; in which Poſition ſhe will be obſerv- 
ed in the Zodiacł, as if ſhe were at P: But before | 
ſhe was ſeen at O; and therefore, ſhe: will here ap- Venus Res | | 
pear to have gone backwards in the Zodiac through *r9gradee | a | 
the Arch OP, or to have moved from the Eæñ to the 1 
Mast, contrary to the Order of the Signs. And be- | [| 
cauſe in C ſhe was obſerved to go Eaſtwards as faſt as # | 
the Sun does; but in A ſhe is ſeen to have a quick 
Motion backward: There muſt be ſome Place of her 
Orbit between C and A, where ſhe appears to us nei- 
ther to go forward nor backward, but to ſtand ſtill, 
and continue in the ſame Place of the Heavens: | 
in which Caſe ſhe is ſaid to be Stationary, or to venus 
ſtand ſtil]. | | | | Stationary 

LE Venus now argive at E, and the Earth at the _ 
Point of its Orbit F: Venus will then be ſeen in the 
Point of the Ecliptick Q, and will appear to have 
moved further backward in the Ecliptick, or to- 
wards the Vet. But when Yenus is ſeen from the 
Earth in a Line'which touches her Orbit, ſhe will 
then ſeem to have a progreſſive Motion, equal to the 
apparent Motion of the Sun from Fj to Eaft : 
And becauſe berore, her apparent Motion was back- 
ward, or from Eaf? to Weſt, and now forward the 
contrary Way, from Weęſi to Eaſt, there muſt be 
ſome Piace between the two contrary Motions, where 
ſhe will neither appear to go backward nor forward; 
but for ſome Time to ſtand ſtill, and keep the ſame 
polition in the Heavens. While the Earth comes 
to D, and Venus arrives at C, ſhe will appear * that 

| 1me 
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Lecture Time to have moved through the Arch QR of the 
XV. Zadiack, and to have a quicker Motion towards the 
Ea. Hence Venus, when ſhe is in her ſuperior Con- 
: junction with the Sun, is always ſeen to move directly 
according to the Order of the Signs; but when ſhe is 
in her inferior Conjunction, and between the Earth and 
the Sun, then ſhe is teen to have a backward Motion, 
and to be carried againſt the Order of the Signs from 
Eaſt to We}. | 

The Ap- WHATEVER we have demonſtrated concerning 
pearances the Motions of Venus is likewiſe true, and to be un- 
of like tho derſtood of the Motions. of Mercury; but the Con- 
14 junction of Mercury with the Sun, his Directions, 
Stations, and Retrogradations, are more frequent 
than in Venus; for Mercury circulating faſter, and 
in a leſſer Orbit than Venus, does oftener overtake 
the Earth than ſhe. Hence it is plain, that the Mo- 
tions of theſe two Planets, ſeen from the Earth, are 
very irregular and unequal, fince they are ſometimes 
ſeen to have a Motion forward; ſometimes they ap- 
pear immoveable or ſtationary; after this they change 
their Courſe, and move backward ; and after ſuch a 
Regreſſion they again take up their Stations, and keep 
for ſome Time the ſame Place in the Zodiac. Whereas 
a Spectator in the Sun will always obſerve theſe Planets 
to go forward with a Motion regulated after a certain 
Rate: For the apparent Inequality of theſe Motions, 
ſeen from the Earth, is ſuch as exactly anſwers to a 
regular Motion round the San. And therefore it is 
manifeſt that the Sun, and not the Earth, is the Cen- 

ter of theſe Planets Motions. | 
e Orbe: WE ſhewed before, that the Orbit of the Earth 
of Mercu- was not a Circle, but an Ellipſe; the ſame Thing 
and Ve- is true of the Orbits of Venus and Mercury, and of 
nus Ellipti- all the other Planets, which are really Ellipſes, and 
cal not Circles, that have one common Focus in which 
the Sun reſides, about whom the Planets perform 
their Circulations with Motions, which though not 
perfectly equable, yet they are all regulated by a cer- 
tain, unchangeable and conſtant Law, which — 
CLE | 8 
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of them tranſgreſs; for every Nlanet moves in the Lecture 
Perimeter of his own Ellipſe, ſo that the Line or XVI. 
Ray pailing from its Center to the Center of the Sun, Way 
does always d-'-ribe or ſweep an Elliptick Space or + 
Area proportional to the Time; or, which is the 

ſame Thing, in equal Time it ſweeps an equal Area. 

Hence the Planets muſt move more ſlowly in their 
Aphelia, and quicker in their Peribelia: And theſe 

Apbelia are not like the Apogeon of the Maon; but they 

are either at Reft without Motion, or, if they have 

any, it is fo now, that it is not eaſily perceived in the 

Time of a Man's Age. And here it is to be obſerved, 

that of all the Planets, Mercury has the moſt Excen- 

trick Orbit; for therein the Excentricity is to the 

mean Diſtance as 2051 to I0000. 


q CY OS Oy Dy OF 
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Of the Motions of the three ſuperior Planets, 
Mars, Jupiter, and Saturn, and the Ap- 
pearances ariſing from them. 


| XX F have now dwelt long enough on the 3 I 
| = Explications of the Motions of the two 2 {ſup 

W FN inferior Planets; let us next contem- nets may 
N plate the Superiors. For which Pur- ve any 
. 


poſe let ABC T be the Orbit of the Paſition or 


| . of the ne 
Earth, and let Saturn, Jupiter, and Mars, turn Ks 2 of 


round the Sun in different Orbits at their proper ge Sun. 
Diſtances, and perform their Circulations, each in Plate 
its proper Period; and let PQ V be a Portion of XIV. 
the Zodiack in which theſe Planets are obſerved to per- 8. 
form their Motions : Fir, It is plain, that all theſe 
. Planets, 
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Lecture Planets, ſeen from the Sun, may be obſerved either 

XVI. in Conundtion with” the Earth, or in Oppoſition to it. 
Thus Saturn may be in g, when the Earth is in M, 

in the Line which joins the Centers of the Sun and 

Saturn; in which Caſe the Earth and Saturn from 

the Sun are fee in Conjunction: But the Earth may 
likewiſe be in the ſame right Line produced the con- 

trary Way, as in B, where from the Sun theſe two 

Planets will be ſeen in Oppoſitien to each other. But in 

this Situation, the Sun ſeen from the Zarth, will appear 

to be in Cenjunction with Saturn. Secondly, It is evi- 

dent, that theſe Planets, ſeen from the Earth, may have 

any Aſpect, or obtain any Poſition in reſpect to the 

Sun, and may have any deſired Elongation from him; 

which cannot be in the inferior Planets, who are al- 

ways confined to the Neighbourhood of the Sun. For 

from the Earth T, there may be drawn a Line TP, 

which will cut all the Orbits of the ſuperior Planets, 

and may make with TS the Line which joins the 

Sun and Earth, any Angle required, as 8S TP. And 
therefore, when the Earth is in T, Saturn may be in 

F, whoſe Elongation from the Sun will then be the 

Angle 8ST F. Moreover, when the Farth and any 

ſuperior Planet are ſeen . from the Sun in Conjunction 
together, that Planet, obſerved from the Earth, will 

appear in Oppoſition to the Sun; and an Inhabitant of 

our terraqueous Globe will ſee the Sun and it in 
oppoſite Parts of the Heavens. BS. | 

LET now any ſuperior Planet; as for Example, 

| Saturn, be ſeen from the Sun in Conjunction with the 

The Times Earth: After Conjunction, the Earth having a quicker 
3 angular Motion than Saturn, an Inhabitant or Spec- 

junctions, later in the Sun will ſee the Earth daily to recede 

or tauo Op- more and more from Saturn. And becauſe the Earth, 

Poſitions, according to its mean Motion, does every Day de- 

x the ſupe- ſcribe an Arch of the Ecliptick of 59 Minutes 8 Se- 

rior Pla- , 3 s . 

nets. conds, and Saturn moves only 2 Minutes in a Day, 

the Zarth will appear from the Sun, to recede every 

Day from Saturn the Space of an Arch of 57 Mi- 

nutes 8 Seconds, If we ſay then, as 57 Minutes 8 

9 Ons Seconds 


1 1 . ae 
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Seconds is to 360 Degrees, or to 21600 Minutes, Lecture 
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ſo is one Day to a fourth Quantity; we ſhall have XVI. 


the Number of Days in which the Earth will be 


again obſerved from the Sun to be in Conjunction 
with Saturn, which is 378 Days. But when the 


Earth and Saturn are ſeen from the Sun in Conjunc- 


tion, the Sun and Saturn from the Earth appear in 


Oppoſition, And therefore the Time between two 


Oppoſitions of the Sun and Saturn, immediately fol- 
lowing one another, computed according to their 
middle Motions, is 378 Days, or 1 Year and 13 
Days. And there is the ſame Time between two 
Compundtions of Saturn and the Sun ſeen from the Earth, 
or between any two ſimilar Aſpects or Elongations 
from the Sun. And the Time between the Oppoſition 
and Conjundtion of Saturn with the Sun, is the half of 
this Time, or 189 Days. 
By the ſame Method we ſhall find, that the Time 
between two Conjunctions or Oppoſitions of Fupiter and 
the Sun conſiſts of 398 Days, or a Year and 33 Days. 


But Mars, after an Oppoſition, 'does not again come 


into the ſame Situation, till after two Years and 5@ 
Days. | | 
WHEN the Planets are in Oppoſition to the Sun, 
they riſe when the Sun ſets, and ſet when he riſes; 
and then, after their Departure from the Oppoſition to 
the Sun, they remain to the Eaftward of the Sun; 


and after Sun-ſet they are to be ſeen in the Evening, 


till they come in Conjunction with him, when they ſet 
and riſe together, Afterwards, as they recede from 

the Sur, they become more 1 than he, and are 
then only to be ſeen in the Morning before the Sun 
is up, for in the Evening they ſet before the Sun, till 
they at laſt come to be oppoſite to the San, when 
again they riſe at Sun · ſet. | 


— 


As in the inferior Planets, ſo the ſuperior have De Planes 
not their Orbits in the Plane of the Ecliptick ; for 9 their 


the Planes of all their Orbits cut the Plane of the 07% are 
znclined to 


the Eclip= 


Ecliptick in Lines which paſs through the Sun, which 
are called, the Lines of the Planets Nedes : And the 
| | Points 


2 r 


müU— 1 8 
* 4 - ——. 
4 — — "OTITIS 22 


17% ASTRONOMICAL 

Lecture Points where theſe Lines meet with the Ecliptick; 

XVI. are called the Nodes. And therefore the ſuperior Pla- 

nets are never preciſely in the Ecliptick, but when 

they are in the Nodes In all the other Points of their 

Orbits they are further or nearer to the Ecliptick, 
according to their Diſtance from the Nodes; and 

their Diſtances are greateſt, when they are at equal 

Diſtances from both Nodes; which Points are called 

the Limits, where the greateſt Heliocentricł Latitudes, 

which meaſure the Inclinations of the Orbits to the 

Ecliptick, are as follow : Saturn's greateſt Heliocen- 

trick Latitude is 2 Degrees 30 Minutes; Jupiter's is 

1 Degree 20 Minutes; and that of Adars is 1 Degree 

52 Minutes. i 1 * 

The Helio. HAVING the Place of a Planet in its Orbit, or, 
centrick which is the ſame Thing, its Diſtance from the 
and Geo- Node, by the fame Method we find out its Helioce 

Tan, triet Latitude, as we did in the inferior Planets Mer- 

1 dcury and Venus. But the Geocentrick Latitudes, or 

the Diſtances of the Planets from the Ecliptick, as 

they are ſeen from the Barth, depend much upon 

the Poſition and Diſtance of the Earth. For where 

the Heliacentrick Latitude continues the ſame, yet, 

according to the various Poſitions the Earth may 

have, the viſible Latitude of a Planet ſeen from 

thence will be various. For let T t be the Or- 

dit of the Earth; and the Orbit of any ſuperior 

Planet; as for Example, that of Mars, ſuppoſe to 

be 6 M, whoſe Plane is inclined to the Ecliptick, 

and cuts it in the Line of Nodes nN. Let Mars 

Plate be in & and the Earth in T, ſo as Mars may be 

XIV. obſerved in Oppoſition to the Sun; and from & let 

Fig. 2. fall on the Plane of the Ecliptick the Perpendicular 

| 4 E; this Line will ſubtend the Angle which mea- 

ſures the Geocentrick Latitude. And therefore, when 
the Earth is in T, the viſible Latitude is meaſured _ 

by the Angle 4 T E. But if the Earth was in t, ſo, 

that Mars was ſeen in Conjunction with the Sun, its 

" viſible Latitude will be the Arch which meaſures 

the Angle & t E, which is much leſs than the 

: | Angle 
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Angle 6 TE, and is nearly leſs in the ſame Pro- Lecture 8 
portion as the Diſtance T g is leſs than the Diſtance XVI. 1 
4. When the Earth is in T, the Geocentrick La | 
titude of Mars is greater than its Heliocentrick; but | 
when it is in t, the Heliocentrict is greater than the | 

Geocentrick; and according to the various Poſitions of | 

Mars and the Earth, his viſible Latitude will be 5 . 
changeable; ſo that all other Things being alike, the ; | | 
Latitude is greater, the nearer he comes to the Oppoſe- | 
tion of the Sun; and the leſs, as he approaches to a | 

| Canjun#tton with the ſame, : | | 
IT is alſo evident, that none of the ſuperior Pla- | 
nets can be ſeen from the Earth in the Sun's Diſk, as 

the inferior Mercury and Venus are; but yet they may 
be all of them covered by the Sun, and lie behind him, 
when wy come in Conjunction with him, and are near 
their Nodes. | | 

SINCE the Faces of all the Planets which are turned Jupiter | x 

towards the Sun, ſhine only with a reflected and bor- eng 1 
rowed Light; and becauſe the Earth, ſeen from Ju- auays a 'Þ 
piter or Saturn, is always to be obſerved near the round full - mi 
Sun's Body, the Faces of theſe Planets which are Face. [i] 
turned towards the Sun, will alſo be towards the 
Earth; whenee the Inhabitants of our Globe do al- ; | 
ways behold theſe Planets ſhining in full Orbs os 
Circles. But Mars having an Orbit which lies very | 1 
near the Earth, its Face, which is towards the Sn, | 
will not always be totally turned towards the Zarth- 
but when in his Quadrature, or when there is about 
a fourth Part of the Eclipticł between the Sun and 
him, as ſuppoſe the Harth in Mor B, and Mars in Mars i 
Nor R, then ſome Part of the illuminated Face 4 a- 
will be turned from the Earth; and therefore Hurs Se. 
will not appear in a complete Circle, but will be Plate 
ſcen as deficient or gibboſe; but when he comes to XIV. 

be in Gonjun@ion or Oppoſition, he then reaſſumes his Fig. . 
round Figure, his illuminated Face being totally 
turned towards the Earth; and particularly, when, 
ee to che Sun, he looks brighteſt and big- 
geſt. | 
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Lecture Fox all the ſuperior Planets appear much bigget 
XVI. When they are in Oppeſition to the Sun, than when 
| they are in Conjunction, being much nearer to the 
I Oppo- Earth in the one Poſition than in the other; inſo- 
ſition the much, that the Difference of their Diſtances in theſe 
fuperior two Poſitions, is as great as the Diameter of that 
7 3 Orb in which the Earth goes round the Sun; which 
re e. Difference bears a conſiderable Proportion to the Diſ- 
tance of Mars from the Sun, and greater than it does 

to the Diſtances of the other Planets; and therefore 

will produce a great Difference in his apparent Mag- 

nitude: For Mars is five Times nearer to us when 

he is in Oppoſition, than when he is in Conjunction 

with the Sun. And therefore, ſince the viſible Diſk 

and Luftre of a Planet increaſes in a duplicate Pro- 

portion of that wherein the Diſtance is diminiſhed, 

Mars will appear 25 Times bigger and brighter when 

he is in Oppoſition, than when he is in Conjundion 

| with the Sun. | 

The appa- BECAUSE Jupiter is five Times further off the 


rent Dia- Sun than the Earth is, the apparent Diameter of the. 


—— Y Sun ſeen from Fupiter will be five Times leſs than it 
ſeen from is {een from the Earth, and will be no bigger than 
Jupiter 6 Minutes, which to us is 30 Minutes. And the 
and Sa- Disk of the Sun will appear 25 Times leſs to the In- 
turn. habitants of Jupiter, than ir does ta us, who will 
likewiſe receive but the 25th Part of the Light and 
Heat from him that we enjoy. But Saturn being ten 
Times further from the Sun than we, the apparent 
Diameter of the San ſeen from him, will be no bigger 
than 3 Minutes, and will be but little more than 


Their De. twice the Diameter of Venus, when ſhe approaches 


grees of neareſt to the Earth : And therefore the Disk of the 
Heat com- Sun, as it would appear to a Saturnian Aſtronomer, will 


pared with be à hundred Times leſs than we ſee it; and both its 


a Tor yan Light and Heat are there diminiſned in the ſame Pro- 


receive portion ; and therefore the warmeſt Regions in Saturn, 
From the even under his Æquator, are much colder than our 
Sun. Frigid Zones. a | 
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ALL the ſuperior Planets, obſerved from the Sun, Lecture 


will appear to move -regularly the ſame Way, and 
to proceed in their Orbits, according to the ſame 


Law; which is the equable Deſcription or ſweeping The Moti- 
of Elliptick Areas round the Sun; by which Means ons of the 


Planets 
what unequal: For in their Aphelia, they proceed 9 . 
are Very 
regular ; 
the Earth, have very different Appearances, and %. from 
Zodiack. Sometimes they!“ Earth 
they are ob- 
ſerved to ba 
very irre- 


loſe all their gular. 


their angular Motions round the Sun will appear ſome- 


more flowly; in coming to their Peribelia, they acce- 
lerate their Motions. But theſe Planets, obſerved from 


irregular Motions in the 
ſeem to move forward from Meſi to Eaft, accord- 
ing to their real Moticns; then they by Degrees 
flacken their Pace, till at laſt they 
Motion, and ſeem to ftand ſtill. After ſome ſmall 
Time they are again ſet a moving, but ſeem to take a 
contrary Courſe to what they had before; and go 
backward directly in Oppofition to their real and true 
Motions. And thus having for ſome Way gone 
backward, or from Zaft to We, they come again to 
be immoveable and ſtationary. Theſe great Changes 
of their Courſes and Motions are not real in the Pla- 
neis, but are occaſioned by the Motion and Poſition 
of the Zartb, from whence the Aronomer obſerves 


them. 


Lr PQO be a Portion of the Zediack, Plate Xx 
ABCD the Orbit of the Eartb, EMGH Z Fig. 1. 


the Orbit of a ſuperior Planet: For Example, of 
Saturn; and ſuppoſe the Earth in A, and Saturn in 
E; in which Poſition he will appear in the Zo- 
diack at the Point O. If Saturn remained there 
without any Motion of his own, when the Earth 
comes to B, he would be ſeen in the Point of the 
Zodiack L, and would appear to have deſcribed 
the Arch of the Zodiac OL, and to have moved 
according to the Order of the Signs, from /Ye/t to 
the Eat. But becauſe in the mean Time, while 


the Earth is paſſing from A to B, Saturn does like- 


wiſe moye in his own Orbit from E to M, where he 


is ſeen in Conjunction with the Sun, he will appear 


to have deſcribed the Arch of the Zodiactk OQ,, 


N Whick 
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Lecture which is greater than the Arch OL; whence the 


XVI. 


When the 
fuperior 
Planets 
are direct 


and ſebiůt. 


ſuperior Planets, when they are in Conjunction with 
the Sun, appear to have a Motion forward much 
quicker than at other Times, and that for a two- 
fold Cauſe; which is, becauſe they really have a. 
Motion forward from Net to Eaft; and likewiſe 
becauſe the Earth, in the oppoſite Part of the Hea- 
vens, 1s carried the ſame Way round the ſame Cen- 
ter. And therefore theſe Planets, when they are 
at their greateſt Diſtance' from us, and in Conjunc- = 
tion with the Sun, appear to have a quicker Motion 
than uſual to the Eat, according to the Order of 
the Signs: In which Poſition a Planet is ſaid to be 
direct, or to have a direct Motion. When the Earth 
comes to C, while Saturn deſcribes the Arch MG, 
ke will then be obſerved in the Zodiac at R. But 
the Earth being advanced to K, and Saturn to H, 


ſo as the Line K H joining the Earth and Saturn, 


continue for ſome Time parallel to itſelf, or very 


nearly ſo; then our Afronomers will obſerve Saturn 


en Sta- 


tionairy. 


times to move quickly forwards, then to ſtand ſtill, 


all that while in the ſame Point of the Zodiac at P, 
and with the ſame fixed Start, he then appearing 
ſtationary. But the Earth being come to D, and 
Saturn coming into Qppeſation to the Sun in X, he 
will appear in the Zodzack at V, and will ſeem to 
have gone backwards through the Arch PV. And 
therefore the ſuperior Planets, when they are in Op- 
poſition to the Sun, are always retrograde, or ap- 
pear to have a backward Motion from Eaft to Men, 
which is contrary to the Order of the Signs. But 
when the Earth comes again to A, and Saturn 
remaining near to Z, again that Planet will ſeem 
there to occupy his Station, and to remain without 
Motion. At laſt, after the Earth has left that Situa- 
tion, Saturn will appear to begin again to move for- 
ward. | 17 5 
WHAT we have here ſhewed concerning Saturn, 
is likewiſe to be underſtood of Jupiter and Mars, 

who are likewiſe obſerved to have all thefe Varia- 
tions and Changes in their Motions, as ſome- 


and 
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and after that to fall backward; then again they Lecture 
become ſtationary; and, in a ſhort Time after, they XVI 

forward with direct Motion. But the Regreſ- > 

Tanz or backward Motions. of Saturn are more fre- Ven Re- 

quent than thoſe of Jupiter, becauſe the Earth trogade. 
more frequently overtakes Saturn, whoſe Motion is | 

flower than Jupiters, who is not a little quicker 

in his Motion. And for the ſame Reaſon Fu- 

piter's Regreflions do oftener happen' than thoſe of 
Mars; becauſe Mars moving faſter, deſcribes a 

greater Space in the Zeadiack; ſo that there is more 

Time neceſſary for him to come in Oppoſition to 

— Sun, than what Jupiter needs for that Pur- 

poſe. : 

LET AC be a Portion of the Earth's Orbit, oz, para. 
which is touched by the right Line AN, in which lax of the 
we will ſuppoſe the ſuperior Planets to be ſeen from anmal 
the Earth, viz. Mars in &, Jupiter u, and Sa- Oro. 
turn in h; and let ELMN be a Portion of the 
Zodiack. Then the Place of Mars ſeen from the 
Sun is K, which is called his true or heliocentrick 
Place, But an Aſtronomer on the Earth will obſerve 
him at the Point N, which is called his apparent or 
geacentrick Place; ſo likewiſe Jupiter, ſeen from the 
Sun, appears in L, which is his true Place; but Plate XV, 
from the Earth his apparent Place is N. After the Fig. 2. 
ſame Manner the true Place of Saturn, ſeen from 
the Sun, the Center of his Motion, is M ; but his 
Place in the Zedzach, that is viſible from the Earth, 
is N. The Arches KN, LN, MN, the Diffe- 
rences between the true and apparent Places of th 
ſuperior Planets, are called the Parallaxes of the 
annual Orb in theſe Planets. Through the Sun 8 
draw S O parallel to AN, and by the 29th of the 
1ſt of Euclid, the Angles A 8, A A8, Ah 8, 
will be reſpectively equal to the Angles K SO, 

LSO and MS O. But the Angle ANS is equal 
to the Angle NS O, whoſe Meaſure is the Arch 
NO, which will therefore be the Meaſure of the 
Angle ANS, which is the Angle under which the 

8 | Semidi- 
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Lecture Semidiameter AS of the Earth's Orbit is ſeen from 

XVI. the ſtarry Heavens. But this Semidiameter is nothing 

« in reſpect of the great Diſtance of the Heavens ort 
Stars; for from thence it would appear under no ſen- 

fible Angle, and look like a Point. And therefore in 

the Heavens the Angle NS O, or the Arch NO vs» 

niſheth, and the Points N and O coincide; and the 

Arches KO, LO, MO, are of the fame Bigneſs 

with the Arches K N, LN, and MN, which arg 

therefore the Meaſures of the Angles A & 8, A U 8, 

A h S. But theſe Angles are as the apparent Semi- 

diameters of the Orbit of the Earth ſeen from the 

reſpective Planet: And therefore in each of the ſupe- 

rior Planets the Parallax of the annual Orbit is equal 

to the Angle under which the Semidiameter of the 

Earth's Orbit is ſeen from that Planet; and the nearet 

any of them is to the Earth or Sun, fo much the bigger 

is that Angle. And therefore this Parallax in Mars 

is greater than in Jupiter, and again in Jupiter greater 

than it is in Saturn. But in the fixed Stars there can 

be no Parallax of the annual Orb obſerved, it being 

ſo very ſmall. | . 025 IS 

The Retro- I'T is alfo evident from hence, that the Retro- 

greffons of greſſions of Mars are greater than thoſe of Jupiter, 
Mars though they do not happen fo often; ſo likewiſe Ju- 

4 323 piter has his Retrogreſſions greater than thoſe of Sa- 

of Jupiter, Turn; and that upon a double Account : Firſt, becauſe 
aud Jupi- Mars is nearer to the Earth than Jupiter, and Jupiter 

ter*s great-mearer than Saturn; and likewiſe becauſe they move 

The B Hav ix o the Parallax of the annual Orb in any 

tances of Planet, we can from thence eaſily find his Diſtance 

the Planets from the Sun, in reſpe&t of the Earth's Diſtance 

from the from him. For in Mars, becauſe the Angle A & 8 

3 given, being meaſured by the Parallax of the an- 
ih of nual Orb, and the Angle d AS is found by Obſer- 

the annual vation, being the viſible Elongation of Mars from 

Orb. the Sum If we make the Proportion, as the Sine of 

the annual Parallax is to the Sine of the Elongation, 

ſo let SA, the Diſtance of the Earth from the 2 
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be to a Fourth, which will be 3 8, the Diſtance of Lecture 
Mars from the Sun. This annual Parallax, by which XVI. 
the Planets ſeem ſometimes to move faſter, ſometimes uy 
flower, in the Heavens, ſometimes to go Eaſttuard, 
and ſometimes /72/#ward, produces in their Motions | 
an Inequality; which, by the A/fronomers, is called _, , 
their ſecond or optical Inequality, to diſtinguiſh it larger 
from their firſt Inequality, which the Planets really ical Ine- 
have, by which they move in their Orbits with Mo- quality. 
tions that are not always the ſame. In the Oppoſe- 
tions or Conjunctions of theſe Planets with the Sun, 
this ſecond Inequality or Parallax vaniſhes ; and their 
Geocentrick Places and the Heliocentrict coincide; or 
a Spefator in the Sun, and another in the Earth, 
would obſerve the Planet in the ſame Point of the 
Heavens. | | 1 

TRE Angles A & 8, AUS, A h 8, are nearly 
the greateſt Elongations of the Earth from the Sun, if 
ſhe were obſerved from the reſpective Planets, when 
the Line N A touches the Earth's Orbit in A. In 
Mars the Angle A 4 S is about 42 Degrees; and 
therefore the Earth, ſeen from Mars, never Fro ſo 


far from the Sun as we ſee Venus does, In Jupiter 
the greateſt Elongation of the Earth from the Sun N 
will be obſerved to be but 11 Degrees, and therefore 
is not ſo much as half the Diſtance we obſerve Her- 
cury to depart from the Sun. In Saturn, the Angle 
A h 8, or the greateſt Elongation of the Earth from 
the Sun, that can be ſeen from that Planet, is but 6 
Degrees, and not much above a fourth Part of the 
greateſt Elongation we obſerve in Mercury, And fince 
Aercury is but ſeldom ſæen by us, a Sight of the Zarth 
from Saturn may be a rare and unuſual Spectacle: 
Perhaps the Saturnian Aſtronomers have not yet diſ- 
covered, that there is ſuch a Body as our Earth in the 
Univerſe. e | | I% 5 | 
EACH of the two outmoſt of the Planets have a The Atten- 
ou Company of Attendants ; for Jupiter keeps no daxts or 
ewer than four conſtantly by him, and Saturn = n 
in his Retinue; which is a Sight no leſs wonderful x ng 
than delightful, Theſe Satellites, like our Moon, do turn. 

| 1 always 
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Lecture always accompany their primary Planets in their. Cir- 
XVI. cuits round the Sun; and in the mean Time they per- 
orm their proper Circulations about their Primaries; 
| and therefore they will have the ſame Phaſes and Fi- 
gures that our Mn ſhews us: When they are in Op- 
poſition to the Sun, they appear to Saturn and Jupiter 
bright and full; from thence receding, they aſſume a 
gibbous Shape. When they come to a Quadrantile 
Aſpect, they look like Half-Moons ; before the Con- 
| junction they ſhew themſelves in horned Figures; and 
when they come to be joined in the ſame Line with 
the Sun, they totally diſappear. 
THESE Satellites, ſeen from the Earth, though 
they go, at the furtheſt, but a little Way from their 
Primaries, yet ſometimes they approach y fn nearer, 
| and ſometimes remove a little further from them. 
Plate XV. Let AB T be the Orbit of the Earth, in the Mid- 
Fig. 3. dle of which the Sn reſides. Let E F be a Portion 
of the Orb of Jupiter; in which let Jupiter be in a 
N, who keeps in the Middle of the Orbits of his 
four Attendants. Theſe Satellites or Moons, when 

they deſcribe the inferior Parts of their Orbits LMN, 
ſeen from the Earth or Sun, will appear to have a 
Motion Fftward; but while they are moving thro” 
the ſuperior Portions G H K, we obſerve them to 
move Eaſtward, according to their true Motions. 

Now, when their viſible Motions is Eaftward, th 
are twice hid from us; once in O behind the Body 

of Jupiter, that is, in the right Line which joins the 
Centers of the Earth and Fupiter ; and again they 
vanith and become inviſible, when they fall into the 
Shadow of Jupiter, or are in the right Line which 
Joins the Centers of the Sun and Jupiter; and then 
they ſuffer Eclipſes, which is always when they are 
at their Full, as ſeen from Jupiter: Theſe Eclipſes 
happening in the ſame Manner as they do to our 

Moon, by the Interpoſition of the Earth between the 

Sun and it, | = | 
Wren . is to the Eaft of the Sun, and 
1s ſeen in the Evening after Sun-ſetting ; that is, 


when the Earth is in A, they are firſt hid behind 
| [47 | Jupiter 5 


LLC 


piter before they fall into his Shadow; and their ſe- 


cond diſappearing is in the Eclipſe, upon their enter- 


ing the Shadow. But when Jupiter is more W2/terly 
than the Sun, as he appears after Conjunction, when 
he is only ſeen in the Morning; that is, when the 
Earth is about B, then they fall into Jupiters Shadow 


at V, and are eclipſed before they are hid behind his 
Body in P. But when theſe Moons have a retrograde 


Motion, that is, when they are ſeen to go Heftward, 


1 
Jupiter, becauſe of their viſible Conjun&ion with Ju- Lecture 


XVI. 
3 


and deſcribe the inferior Parts of their Orbits, then 
they only once diſappear in Q, when they cannot be 


diſtinguiſhed from the Body of Jupiter: But when 
the Satellites, ſeen from the Sun, are in their inferior 


Conjundtion with Jupiter, or as ſeen from Jupiter, Fu | 
*X 


fall upon Jupiter, and ſome Part of the Diſk of Ju- 
piter will be in an Eclipſe, and a Spectator within the 
Shadow would obſerve a total Eclipſe of the Sun. We 
have already given the Diſtances and Periods of all the 


are in mn Fatt with the Sun, their Shadows wi 


er and Saturnian Moons, at the End of our third | 


ecture. 


„rt Motions and Eclipſes of theſe Moons, the The Paral- | 
Parallax of the annual Orb in Jupiter, and his Diſ- lar of the 


tance from the Sun, may be eaſily known. For, 7 


b, and 


let POR be the Orbit of any Satellite; for Example, 9 Di 


the outermoſt; and ſu 


* 


poſe the Earth in the Point tance of 


of its Orbit A, the Time muſt be obſerved when Jupiter 
the Satellite lies hid behind Fupiter's Body in O: the 


For which Purpoſe, the Moment of Time muſt be 


Sun, deter- 
mined by 


carefully marked when he firſt diſappears, and then theE clibſets 


alſo the Moment he becomes again viſible ; the mid- 
dle Moment between theſe two, is the 'Time when 


the Satellite is in O, or in the Line which paſſes * 


through the Centers of the Earth and Jupiter. After 
the ſame Manner, obſerve when the Satellite is in the 


Middle of an Eclipſe, or in the Middle of Jupiters 


Shadow, that is, when it is in V; by this Means 
- we ſhall have the Time it takes to deſcribe the Arch 

OV. And becauſe his Motion about Jupiter is 
—Þ | 4 equable, 


P 


WY UID OENT 
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Lecture equable, and his periodical Time known, we can 
XVI. from thence find out the Arch OV; for this Planet 


Arch OV is 10 Degrees 


revolves about Jupiter in 402 Hours. Let us ſuppoſe. 
the Time he takes to move from O to V be 12 
Hours; ſay, As 402 Hours are to 12 Hours, ſo are 
360 Degrees to a fourth Quantity, which will be found. 
to be 10 Degrees 44 Minutes, And therefore the. 
44 Minutes, But this Arch 
OV is the Meaſure of WM Angle OMV, or of the 


Angle which is equal to it AUS; and the Arch 


which | meaſures this Angle is the Parallax of the 


annual Orb, which therefore is-known. In the Tri- 


angle therefore A US we have the Angle at U, and 
alſo the Angle at A the Elongation of Jupiter from 
the Sun, which may be had either by a Calculation 
from Aftronomical Tables, or by Obſervation, Be- 
ſides, we have the Side AS, the Diſtance of the 

Earth from the Sun, which we aſſume to conſiſt of 
100,000 Parts. Since therefore in this Triangle we 
have all the Angles and one Side, by Trigonametry we 
ſhall find the other vides, and particularly S u the 
Diſtance of Jupiter from the Sun; ſo likewiſe we 
may find A A the Diſtance of Jupiter from the Earth, 
which is always variable, But for the nice Deter- 


minations of theſe Diſtances, it may be needful to 


have ſeveral, and thoſe very accurate Obſervations 


made by the ſkilful, and taken by the Help of the beſt 


ether 


Teleſcopes. 38 
B V the Eclipſes of Jupiters Moons we are able to 


Light be give a Solution of a Problem, which is the moſt noble 


propagated and curious in natural Philoſophy, which cannot 


in an In- 


fant, or in 


"Tame? 


but raiſe our Wonder and Amazement; that is, 
Whether Light be propagated to us in an Inſtant ; or 
if its Motion be ſucceſſive, and if it take ſome Time 
to arxive from the Sun, or any diſtant Object, to us! 
Now theſe Eclipſes do ſhew us, that there is no in- 

ſtantaneous Motion in Light, though it comes from 


the Heavens to us with a prodigious quick. Motion, 


and incredible Celerity, 


For 
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For if the Motion of Light were in an Inſtant, Lecture 
when the Earth is at T, at his greateſt Diſtance XVI. 
from Jupiter, an A/tronomer here would obſerve an | 
Eclipie of a Satellite at the fame Moment of Time 
he would do, were the Earth at X at her neareſt 51: Que. 
- Diſtance to Jupiter: For, according to this Hypo- tion deter- 
theſis, wy is 2838 in the ſame Diſtance % 
through all Spaces indefinitely, whether near, or ne- e an; 


ver ſo much remote. But if Light takes up e 


a . . 3 the Eclipſes 
Time for its Propagation through Space, it will ſooner of Jupiter's | 


paſs through a ſhorter Space than a greater. And 
therefore an Obſervator at X, being nearer to Ju- 
piter than one at T, by the Diſtance X T, Which is 
almoſt equal to the Diameter of the Earib's Orbit, 
will ſooner obſerve the Eclipſe of a Satellite, than a 
SpeQator can do at T. And therefore from the Dif- 
ference of thoſe Times, which is proportional to 
XT the Difference of Diſtances, we can collect 
the Velocity of Light; and ſo this Matter is in 
Reality. For whenever the Earth is at its neareſt 
Diſtance from Jupiter, the Eclipſes are found to 
happen ſooner than they do when they are obſerved 
from TT at a greater Diftance, where they fall out 
{ſenſibly later than they ought to be, according to 
our Aſtronomical Computations. 'Theſe quicker and 
flower returns of Eclipſes having been obſerved for 
many Years by Mr, Romer with much Care and Di- 
ligence, upon them he founded this Argument for 
demonſtrating the ſucceſſive Propagation of Light; 
and by them he proved, That Light, like all other 
Bodies in Motion, had a determined Degree of Velo- 
city, and took a determined Time to move through a 
given Space. To which Opinion the moſt Part of 
the Aſtronomers and Philoſophers do now give their 
Aſſent. ; EY 

TER Particles therefore of Light, though their 
Minuteneſs by indefinite, and not eaſily to * ima 


gined, yet they have a progreſſive Rectilinear Mo- 
tion, and are not diffuſed as by the Waves of any 
Medium or Fluid. Romer determines the Velocity of 

Light to be ſuch, that it reaches us here from the 


dun 
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; Sun in the Space of 11 Minutes: But that Diſtance 

XVI. does not ſeem to be Jeſs than 50,000,000 of Miles; 

Ly Which Space Light paſſes through in ſo ſmall a Time, 
that fo prodigious a Velocity cannot eafily. be con- 

- ceived by us, which ſo much exceeds. the Velocity of 

the ſwifteſt Bodies we know, For though the Earth 

has a very quick Motion round the Sun, yet jts Velo- 

city, compared with the Velocity of Light, is no 

more than that of a Snail, in Compariſon of the Swift-- 

neſs of the Earth. | 2 

The Longi- FROM the Eclipſes of Jupiter's Moons we have 
tude of likewiſe this Advantage, that when they are obſerved 

Places de- in different Places of the Earth, the Longitude of 

— 2 Places are by ſuch Obſervations determined. But that 
vations of this Method of finding the Longitude may be the more 
thoſe E- eaſily underſtood, we mult firſt lay down ſome few 

clipſes. Principles. "oh | : 
Ix through the Poles of the Earth and any Place, 

there be drawn a great Circle upon its Surface, this 

Circle, by the Rotation of the Earth, will be turned 

round the Earth's Axis: And when the Plane of this 

Circle produced, paſſes through the Body of the Sun, 

all the Inhabitants which live under this Circle will 

then obſerve the Sun to come into their Meridian, 

and they will have Mid-day ; from whence this Cir- 

cle has the Name of a Meridian, from the Latin 

Word Meridies, which ſigniſies Mid-day. Now, if 

we imagine another Meridian placed more Maſtwaraly, 

which, with the former, makes an Angle of 15 De- 

grees, the Plane of this Meridian will paſs through 

the Sun one Hour later than the former did; and 
therefore, when the Inhabitants under this Meridian 

reckon Mid-day, the Inhabitants under the firſt will 

reckon one Hour after Mid-day. If there be a Me- 

ridian, which makes an Angle of 30 Degrees with 

the firſt we mentioned; then, when they that live 

under this Meridian have Mid-day, thoſe that live 

under the firſt will reckon Two of the Clock after 

Mid-day; and ſo for every 15 Degrees of the 
Equator, which lie between the two Meridiand, ſo 

many Hours more do they reckon, who live _ 

| 25 0 
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the more Eaftern Meridian, than they who live under Lecture 
the Weftern. And after the ſame Manner for every X VI. 
Degree of the Aquator between Meridians, the Eaf- 2 
ern People are four Minutes ſooner in their Reckon- a 
ing than the Metern; and for every 15 Minutes of a N 
Degree, they reckon one Minute in Time. As for | 
Example, If the Arch of the Aquator between the 

two Meridians conſiſt of 85 Degrees, dividing 85 by | 
© 5, the Quotient 54% ſhews, that under the more __ 
terly Meridian they reckon the fifth Hour and 40 Mi- 

nutes, when they under the J/2/tern Meridian have 

Mid-day; and when the Eaſtern People have Mid- 

day, thoſe to the ZYe/? will reckon their Time to be 

the fixth Hour and 20 Minutes in the Morning ; and 

the Difference between the Hours, which are reckon- 35 
ed under theſe two Meridians, will always be 52, if | 

the Arch of the Æquator intercepted between them | 

be 85 Degrees. 1 | | 

O the contrary, having the Difference of the 
Hours which are reckoned under two different Meri- 
dians for the ſame Moment of Time, we ſhall by 
this Difference find the Arch of the Æquator inter- 
cepted between them; which Arch is called the Dif- | I: 
Ference of Longitude of the Places under thoſe Meri- - is 
dians, when the Longitudes are computed from one 1 
fixed and ſettled Meridian, which is called the f 
Meridian: And this Arch is found by multiplying 
the Difference of the Hours by 15, and the Produdt 
ſhews the Degrees. So likewiſe, if the Minutes of 
Time be multiplied by 15, and the Product, if it 
exceed 60, be divided by 60, the Quotient and Re- 
ſidue will give the Degrees and Minutes that are 
further to be added to the former, and which make 
up the Difference of Longitude of Places. For Ex- 
ample, Suppoſe the Difference of the Hours to be 7 
and 22 Minutes; 7 multiplied by 15 is 105, and 22 
by 15 is 330 Minutes; which, divided by 60, gives 5 
Degrees 30 Minutes: And therefore the whole Diffe- 
rence” of Longitude is 110 Degrees 30 Minutes, 
Theſe Things being noted, i 

| F 
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Lecture IF in two different Places the Beginning of on 


XVL 
— 


Longitude of thoſe Places. 


Eclipſe of any of 2 Moons be obſerved, and the 
Times marked when this Beginning happened; ac- 


cording to the Times of the reſpective Places, the 


Difference of Hours, converted into Degrees and 
Minutes of the Æquator, will ſhew the Difference of 

Ir we had Ephemerides of the Motions and 
Eclipſes of Fupiter's Moons, accurately computed for 
any Meridian; inſtead of an Obſervation in another 
Place, we might conſult the Ephemerides, which tell 


- When the Eclipſe is to be obſerved in that Place; 


and we might take from them the Hours and Mi- 
nutes when the Eclipſe happens in that Place; and 
this Time, compared with the Time the Eclipſe is 
obſerved in any other Place, will give the Difference 
of Times in thoſe two Places : And from thence we 
can find out the Diference of their Longitudes as 


before, The Longitude of Places may likewiſe be 


found by Obſervations of Eclipſes of the Moon, or the 
Appulſes of the leon to the fixed Stars, obſerved from 
ſeveral Places: But theſe are Appearances that are 
more ſeldom to be obſerved, than are the Eclipſes of 
the Satellites of Fupiter. | 


Upon Lond U ON Land and firm Ground the Eclipſes are 
the Eclipſes eaſily obſerved ; and if they could be as eaſily ob- 


are eafily 
obſerved, 
and the 


ſerved at Sea, the Art of Navigation would be 
brought almoſt to Perfection, and liable to no Er- 


Longitude rors in Computation; but at Sea the Motion and 
found, but Toſſings of the Ship render all Obſervations of ſuch + 
not at Sea. Eclipſes impracticable. And therefore, if any could 


find a Method for determining the Longitude of a 
Ship at Sea at any Time, he would then oblige the 
Seamen with a Diſcovery, by them more deſired 
than any thing elſe in Navigation ; and which would 
be ſo uſeful to the Publick, that the Parliament hath 
thought fit to allow a large Reward of 20,000 
Pounds to the Difcoverer. Upon which many, 
tempted by ſo great a Reward, have ſpent much La- 
bour and Thought, to make the Diſcovery, but to 
no Purpoſe ; For no Man has hitherto been able — 
| ay 
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Jay hold on the Reward, though they have propoſed Lect 
many different Methods and Ways of attaining it. Lo 8 


Many being much in love with their own Inven- 
tions, imagining that they had certainly found it, 
have demanded the Reward promiſed to the Diſco- 
verer; but yet moſt of theſe Men have been ſo igno- 


— 


norant, that they have ſcarce known what it is to find 


the Longitude. 


e ar Ninar Oy 


1. E ef UR E NN 
cf COMETS. 


KXEX®#ESIDES the ordinary Planets, which 
7 N are always in our Neighbourhood, and 


B A within our View, there are another Sort Comets are 
##{ of Planets, which — be called Tem- a Sort of 
porary ; which are conſpicuous only for a Planets. 


Seaſon; after which they again withdraw, and are no 
longer viſible, The ancient Philoſophers allowed them 
a Place in the heavenly Regions, and ranked them in 
Stations far above the ee For Ariſtotle, Seneca, Plu- 


The Philo- 


tarch, and others, teſtify, That the Pythagoreans, and ſephers O- 
the whole Italian Sect, maintained, that a Comet was Pinion of 


a Kind of Planet or wandering Star, which appeared 
again after a long Interval of Time. Hippocrates Chius 
was of the ſame Opinion, as Ariſtotle informs us: The 
ſame was the Opinion of Democritus, as we are told 
Seneca in his Natural Queſtions, Book VII. Chap. 3. 
For, ſays he, „Democritus, the moſt curious and 
& ſubtle of all the Ancients, ſuſpected, that there 
« were many more Stars which moved, underſtand- 
© ing by them the Comets; but he neither eſta- 
5 blithed their Number or their Names, the . 
ä | | 66 


Comets. 
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Lecture“ of the five Planets not having as yet been diſco- 
XVII « yered.” Again, Seneca aſſures us, That Apollo- 
ius Myndius, one of the moſt ſkilful Philoſophers 
5 the Search of Natural Cauſes, did aſſert, That 
the Chaldeans reckoned Comets among the other 
wandering Stars, and that they knew their Courſes, 
Apollonius himſelf maintained, That a Comet was a 
Star of its own Kind, as the Sun and Moon are, but 
that its Courſe was not yet known: That by its 
Motions it -mounts very high in the Heavens, and 
only appears when it deſcends into the lower Part of 
its Orb. And Seneca himſelf embraces this Opinion: 
<« ] cannot believe, ſays he, that a Comet is a Fire 
« ſuddenly kindled, but that it ought to be ranked 
„ among the eternal Works of Nature, A Comet 
c has its proper Place, and is not eaſily moved from 
ce thence; it goes its Courſe, and is not extinguiſhed, 
ce but runs off from us. But you will ſay, if it were 
« a wandering Star, it would keep in the Zodiack : 
« But who can ſet one Boundary to all the Stars? 
« who can reſtrain the Works of the Divinity to a 
« narrow Compaſs ? For each of thoſe Bodies, which 
« you imagine to be the only that have Motion, 
* have very different Circles; why therefore may 
<« there not be ſome that have peculiar Ways of 
% their own, wherein they recede far from the reſt ? 
« But that their Courſes may be known, it is ne- 
* ceſſary to have a Collection of all the ancient Ob- 
« ſervations about Comets; for their Appearances 
t are ſo rare, that their Orbits are not yet deter- 
c mined; nor can we, as yet, find if they have 
c their Periods, and if they return again in a cer- 
e tain Order.” At laſt he thus propheſies: The 
« Time will come wherein theſe Things, which are 
cc now hid from us, will be diſcovered ; which Ob- 
« ſervation, and the Diligence of After-Ages, will 
c find out; for it is not one Age that is ſufficient 
« for ſo great Matters. The Time will be when 
« Poſterity will wonder that we were ignorant of 
« Things ſo plain: One will ariſe who will demon- 
& ſtrate in what Regions of Space the Comets _ 
2 « der, 


LE 0 TU ROB S: ©? 191 


« der, why they recede ſo far from the other Pla- Lecture 
« nets, how great, and what Sort of Pudies they XVII. 
« are,” ELITE NEE EY | 1 
Bur for all this, the whole Sect of Peripateticks, The Peri- 
fearing that: Generations and Corruptions ſhould be pateticks 
introduced into the Heavens by placing the Comets /#?poſ#4 
in them, thruſt all the Comets down into the ſublu- Ty oo 4 
nary. Regions, and would maintain, that they were ,,,....z 
nothing but a Kind of Meteors. But the Phæno- in the Air. 
mena, or the Manner theſe Comets appear in, will 
not ſuffer them to have a Place ſo low, and ſo near 
to us. For it is clear, that they are not generated 
in our Atmoſphere, becauſe they are certainly far 
higher than it reaches: For Comets are to be ſeen at 
the ſame Time from different Parts of the Earth, 
which are at great Diſtances from one another; which 
cannot happen to any Body that reſides within our 
Atmoſphere, which is not extended upwards above 
fifty Miles. £2, | | 
UT that Comets are not only above the Air, _— N 
but alſo beyond the Moon, is plain; becauſe Comets, Fo 1 
ſeen from different Places, are obſerved to be at the 
ſame Diſtance from a fixed Star which is near them. 
As for Example, The Comet, which Tycho Brabe 
obſerved at Uraniburg, was likewiſe ſeen by Hagecius 
at Prague in Bohemia, at the ſame Time; which two 
Places differ 6 Degrees in Latitudes, and are nearly 
under the ſame Meridian; and both meaſured the 
Diſtance of this Comet from the Star we call the 
Vultur, that is, how much it was below it towards 
the Horizon, for both the Vultur and it were in the 
ſame Vertical Circle, and both Obſervators found 
their Diſtance the ſame, and conſequently they both 
viewed the Comet in the ſame Point of the Heavens ; 
which could not be, unleſs it had been higher than 
the Moon. (6; * 39-0 | 
LET the Circle AB G repreſent the Earth, in Plate 
which let Uraniburg be in A, and Prague at B: Let XVI. 
D be the Place of the Comet: Let F CE be the Fig. 4. 
Firmament of the fixed Star, in which let the Star F pemon- 
be the Vultur; the Place of the Comet ſeen from fration 
| Uraniburg 
1 
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2. Lecture Uranihurg among the Stars is E, and its Diſtance from 
1 XVII. the Vultur is the Arch FE; but the Comet ſeen from 
1 1 Prague, appears in C; and its Diſtance from the 
'F that Co Vultur is the Arch FC, which is leſs than the Arch 
1 mets are F E. But by Obſervation it has been found, that this 
1 | 2 Comet, ſeen from both theſe Places, ſeemed to be at 
1 i the ſame Diſtance from the Vultur; and therefore the 
5 Arches F E and F C are equal, or rather the fame. S0 

6 great therefore is the Diſtance of the Comet from the 
1 Earth, that the Arch C E vaniſheth, and is altogether 
1 imperceptible: But the Moon, ſeen from theſe two 
if Places, would appear to have different Diſtances from 
; the Vuliur; and ſo therefore would a Comet were it 
i | as near as ſhe is: This Comet therefore was further 
l | diſtant off than the Man. rats be 
i The true A Comet at D, ſeen from the Center of the Earth, 
j aud the would appear in G; but from the Surface of the 
| g, Barth at A it is obſerved in E: The firſt is called 
en * the Comet's true Place, and the ſecond its apparent 
i} Place; and the Diſtance G E between the true and 
li apparent Place is called the Parallax: of the Co- 
il met: By it a Comet is always depreſſed more to- 
it wards the Horizon, — in its true Place, 
ö Now the Parallax: of any Star is always equal to 
i / 8 the Arch that meaſures the Angle, that the Earth's 
1 Semidiameter, paſſing: through the Place of the Ob- 
3 ſervator, is ſeen under from the Comet; as we ſhew- 
ed before, when we treated of the Parallax: of the 
1 No, if there be no ſenſible Parallax, the Angle, 
9 under which the Semidiameter of the Earth is ſeen 
| from the Comet, will not be ſenfible ; and therefore 
Mi the Comet muſt needs be at a vaſt Diſtance from us, 
| ſince the Earth ſeen from thence appears no bigger 
" | „ e bod 32h | Fer 
F Lans By the Help only of a Thread, in a Matter of 
1 2 ſo great Nicety, we may find out if a Comet have 
1 4 ſenſible any ſenſible Parallax: For a Comet, juſt before it 
1 Parallax. diſappears, goes ſo flowly, that it ſcarce ſeems to 


move; and it may be twice obſerved in this Man- 
1 9 
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ner: Firſt, when it is very high above the Horizon, Lecture 
take any two Stars between which the Comet lies in XVII. 
a right Line parallel to the Horizon, which, by e = 
tending the Thread directly before the Stars, may be 
eaſily tried; afterwards, when the Comet approaches 
near to the Horizon, by extending the Thread we 
muſt again try if it ſtill keeps in a right Line be- 1 
tween the ſame two fixed Stars. Now, if there be | 
any ſenhble Parallax which depreſſes the Comet, . j 
it cannot be ſeen in the ſame right Line as before; 
and therefore, if it keeps the ſame Poſition as to thoſe 
Stars, it is a convincing Argument, that the Comet 
has no ſenſible Parallax, and muſt therefore be at a 
prodigious Diſtance from us. We need not here fear 
any Error riſing from Refraction, which always raiſes 
the Stars, and makes them appear more elevated 
above the Hor:zon than they are; for this Refraction 
equally affects both Comets and Stars; and therefore 
it will not change their Poſitions in reſpect of one 
another, $25 rucornirn Lars „ 
A Comet may likewiſe be obſerved when it is near Arorbe ß 
the Eaſtern Part of the Horizon, and in a right Line 3 
with two Stars that are both in the ſame Circle; 
which is perpendicular to the Herizon: And. after- 
wards, when the Stars riſe higher, and are not in the 
ſame vertical Circle as before, if it appear ſtill to be 
in the ſame Line with them, it can have no ſenſible 
Parallax; and therefore its Courſe muſt be very high 
in the Heavens. But if it ſhould be found more de- 
preſſed than to appear in the right Line that joins the 
Stars, then the Comet muſt needs have a Parallax: 
If, while theſe Obſervations are making, the Comet 
| ſhould have a proper Motion of its own, there muſt 
be made an Allowance for that Motion, according to 
the Time between the two Obſervations. "8 
As the want of a diurnal Parallax was an Ar- Comets art 
gument for placing Comets above the Moon, ſo afe&ed 
their being ſubje& to the Parallax of the annual er the 
Orb is a convincing Proof of their deſcending into 2 
the planetary Regions; _ Comets which have a Mo- ,, orb. 
| | tion 
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Lecture tion forward, according to the Order of the Signs, 
XVII. near the Time of their diſappearing, are all of them 
3 , either ſlower than uſual, or even retrograde, if the 
Earth be between the Sun and them; or they are 

uicker than ordinary in their Motions, when the 

5 is between the Earth and them: And they appear 

in Conjunction with the Sun, as the Planets are ob- 

Men a ſerved to do. On the contrary, thoſe Comets which 


Comet is have their proper Motions retrograde, or contrary to 
ſeen retro- 


125 the Order of the Signs, are quicker than uſual when 


begin to withdraw themſelves, and diſappear 
when the Earth is between the Sun and them; or 
elſe they ſlacken their Pace, and ſeem to move more 
lowly when the Earth is in the oppoſite Poſition. 
Theſe Changes in their Motions ariſe from the Mo- 
tion of the Zarth, and its various Poſitions, as in the 
Planets, who, according as the Motion of the Earth 
agrees with theirs, or is contrary to it, ſometimes 
appear to go with a retrograde Motion, ſometimes 
they go ſlower, and ſometimes with a quicker Mo- 
tion ITY 


IF the Earth move the fame Way as the Comet 
does, and hath an angular Motion round the Sur 
' quicker than it, fo that the right Lines which con- 
ſtantly join the Earth and Comet, all converge to 
Points beyond'the Comet: "This Comet ſeen from the 
Earth, upon the Account of his flower Motion, will 
When the appear retrograde; but if the Motion of the Earth be 


Motion of leſs than that of the Comet, the Motion of the Earth 


« Comet takes off from the viſible Motion of the Comet, and 

4 then the viſible Motion of the Comet ſeems to be 
eter flower. But when the Barth and Comet have con- 

trary er the Comet's apparent Motion is there- 

acc : 

WE infer the fame Thing from the Curvature 

of a Comet's Way; for generally ſeem to move 

In great Circles almoſt as long as their Motion is 

{wi But at laſt, when that Part of their appa- 

rent Motion which ariſes from the Parallax of the 

annual Orb, bears a greater Proportion to _ 


LECTURES. 

whole apparent Motion, then they uſe to deviate 
from moving in a great Circle; and when the Earth 
moves one Way, they go the contrary: This De- 
flexion or Deviation ariſes chiefly from the Parallax 
of the annual Orb, and exactly anſwers to the Quan- 
tity of the Earth's Motion. And by Obſervation, it 
has been found in ſome Comets fo great, as ſuffi- 
ciently to prove that they have deſcended far below 
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Lecture 
XVII. 
— 


Jupiter: And in their Perigeons and Peribeliont, when 


| Fo are neareft to us, they often come within the 


it of Mars, and even the Orbits of the inferior 


Planets, - | PETIT 

WHEN the Comets recede from the Earth, and 
approach the Sun, their Luſtre and Light is increaſed, 
although their apparent Diameters be diminiſhed upon 
Account of their further Diſtance from us. 


Tus Figures of Comets are obſerved to be very The Fi- 
different; for ſome off them throw forth Beams like giures of 
Hair every way round them, and theſe are called Ce. 


Hairy Comets. ' Others again have -a long Beard, or 
rather a fiery Tail, oppoſite to the Region in which 
the Sun is ſeen; and they are called Bearded, or 


Comets with Tails, Their Magnitude has alſo been Their 
obſerved . to be very different; many of them with- Magni⸗ 
out their Hair, appear no bigger than Stars of the tudes 


firſt Magnitude, But fome Authors have given us 
an Account of others, which were much greater ; 
ſuch was that which appeared in the Time of the 


Emperor Nero, which, as Seneca relates, was not 
inferior in Magnitude to the Sun itſelf, So the Co- 
met, which in the Year 1652 Hevelius obſerved, did 


not ſeem to be leſs than the Moon, though it had 


not fo bright a Splendor; for it had a pale and 


dim Light, and appeared with a diſmal Aſpect. Moſt 


Comets have a denſe and dark Atmoſphere ſurround- 


ing their Bodies, which weakens and blunts the 


Sun's Rays that fall upon it; but within it appears 


the Kernel or ſolid Body of the Comet, which, when 
* Clouds are diſperſed, gives a ſplendid and briſk 
: 0 2 | Cours, 


2 ²˙ - : 


Comets 
have their round its Axis. But beſides this, they have a real 


Courſe of a 
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Lecture COME Ts, ſince they are at ſuch a Diſtance from 


XVII. the Earth, like all other Stars, muſt have the ap- 


parent Motion round the Earth from Eaft to Mn, 


which ariſes only from the Rotation of the | Earth 


; ang and proper Motion of their own, by which they 
Motion ate continually ſhifting their Place in the Heavens, 
from Eaſt and have their proper Courſes in the Celeſtial Re- 


1 Weſt. gions. The Ancients were not ignorant of ſuch a 


Motion ; for they never had reckoned them among 
the wandering Stars, unleſs they had known that, like 
the Planets, they had their peculiar Courſes : Seneca 
acknowledged and obſerved, that they had ſuch a 
Motion, and faid, that their Way was in a Right 
Line; or, as the A/tronomers uſe to ſay, in a great 
Circle. For in the ſeventh Book of his natural 
Queſtions, Chap. 8. he ſays, That the Courſe of 
They bawe ** a Comet is eaſy and quiet, that it takes a determin- 
lite cviſe ac ed Way: That Comets do not proceed in a con- 
Proper Me- e fuſed and tumultuous Manner, as ſome believe, 
2 heir oe nor are they driven by turbulent and uncertain 
: « Cauſes.” In his 29th Chap. he mentions two 
Comets, one of which, in the Space of ſix Months, 
paſſed through one half of the Heavens. Another, 
In the Time of the Emperor Claudius, was firſt ob- 
ſerved towards the North, which by Degrees aroſe 

directly higher and higher, till it quite diſappeared. 
The Me. By the dans of a Celeſtial Globe, in whoſe Sur- 


Ded e, face the Stars are rightly placed and painted, by 2 


Kaare mechanical Method, the Way of a Comet may be 
Comet, eaſily traced in the Heavens. Let there be every 
Day obſerved four Stars which are round the Comet, 
and let them be ſuch as the Comet may be in the right 
Lines which join the two oppoſite Stars; which may 
_ eaſily be found out by the Means of a Thread placed 

before the Eye, and extended over-againft the Stars 
Plate and Comet: For Example, let the Comet's Place 
XVI. be A, between the four Stars B, C, D, E; fo that 
Fig. 2. the Line joining the Stars B and D, may paſs thro” 
the Body, of the Comet; and fo likewiſe the Line 
| 35 paſſing 
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paſſing through the Stars C and E. And therefore Lecture 
upon a Globe, in which are marked theſe four Stars XVII. 
in their proper Places, extend one Thread through Cz 
the Stars B and D, and another through the Stars, C, | 
E; and the Interſection of the Threads will give you 
the Place of the Comet. If this be daily done, and 
the Place of the Comet be every Day taben.& this 
Means we ſhall manifeſtly find out the Courſe a Co- 
met takes in the Heavens, which will be found to 
be a great Circle ; for all the Points thus marked will 
be found to fall on the Periphery of a great Circle: 
And having any two Points of this Circle, we ſhall 
find its Inclination to the Ecliptick, and the Places © 
of the Nedes: For it is only obſerving where a 
Thread ſtretched through the two Points cuts the 
Ecliptick. | (OE HIS 

THERE is another Way of finding out the pro- Another 
per Courſe of a Comet, by obſerving every Day its #2 9 do- 
Diſtance from two fixed Stars, whoſe: Longitudes and f. 
Latitudes are known; from which Diſtances we can e Courſe 
compute the Places of the Comet; and theſe Places of a Comet 
being marked on the Surface of a Celeſtial Globe, </2ears 


will manifeſtly ſhew that the Courſe of a Comet is in e 


a Portion of a great Circle, excepting that the Motion great Ci. 
of the Earth will make it appear to deviate a little ch. 


from it. Fel : 

HENCE it is manifeſt, that the Motion of a Co- The Motion 
met is in a Plane, which paſſes through the Eye of the # Comets i; 
Spectator, or, more exactly, which paſſes through the 4 - _ 
Sun; for all viſible Motion that is made in ſuch a Maſs 
Plane, however it be inclined to the Ecliptick, will zy. or de 
always appear to be in the Periphery of a great Cir- Sun, | 
cle. Moreover, the Motion of a Comet 1s regular 
and orderly; and tho' it is unequal, yet there is a 
certain exact Order obſerved in the very inequality of 
Motion. The proper Motion of Comets is not the hei- 
ſame in all; but each has its peculiar Courſe. Some Courſes - 
7 from the Ve to the Eaſt, others from Eaſt to V@riows, 

e/t, contrary to the Order of the Signs, and their 
Drection is contrary to the Way the Planets take, 

5 8 who 
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rurewho all move from F/2z/? to Eaft + All of them that are 

XVII. exactly obferved, turn Southwards or Northwards, with 

— different Inclinations to the Ecliptick; and they are 

not, like the Planets, to be comprehended within the 

Zodiact, but they quickly depart out of it, and with 

various Motions paſs through all the Regions of the 

Heavens, ſome with a quicker, ſome a flower Motion. 

The greateſt Velocity that any we have yet ſeen has 

had, was that which was obſerved by Regiamontanus; 

which Comet moved in one Day full forty Degrees. 

Some are ſwifteſt in the Beginning of their Appearance, 

and ſlacken their Pace as they begin to vaniſh. Others 

©” again in the Beginning and End of their Appearance 

have a low Motion ; but in the middle Time they are 

carried with a greater Velocity, | | 

Comets de- IT has been obſerved, that ſome Comets, for a few 

viate from Days before they diſappeared, did not keep their 

* 225 n Courſe exactly in a great Circle, but did ſomewhat 

Circle _ deviate from it; ſo that the Angle of the Comet's 

Orbit and the Ecliptick was found to be different at 

laſt from what it was at firſt : But this Deflection was 

only apparent, and did not ariſe from the real Motion 

of the Comet, but from that of the Fartb, as we 

ſhewed in the inferior and ſuperior Planets; whoſe 

Diftance and Inclination to the Ecliptick are various, 

according to the different Poſition of the Earth, 

whereas, if - were obſerved from the Sun, any one 

of them would always appear to move in the ſame 
r os Ba 

The true ALTHOUGH the Motion of a Comet appears to 

oy _ be in a great Circle, yet its true Way may be quite 

y ng different from a Circle, and may be in very various 

* © and different Lines, as either a Right Line, an El- 

liptick, Parabolick, or Hyperbolick Curve; or it 

be any other Curve deſcribed in the ſame Plane: 

For all Motions in whatever Line the moying Body 

takes, when it lies in a Plane paffing through the 

Eye, will always be obſerved to be performed in a 

great Circle. Many Philoſophers, and not a few 

Hſftronemers, have maintained that the Comets Motions 


\ 


5 B C'F-UORES © av 
are rectilinear; but that which anſwers beſt to their Lecture 
Appearance, is a Motion in a parabolick or elliptical XVII 
Orbit. And if their Orbits be elliptical, they are 
extremely excentrick; ſo that their greater Axis bears 
à very conſiderable Proportion to their leſſer; upon 
which Account they differ very much from the Pla- 
vets, which, though they move in elliptical Orbits, 
yet they are ſo little excentrick, that they differ but a 
ſmall Matter from Circles. Now, the Sun reſides in 
the common Focus of the Orbits of both Comets and N 
Planets. And the Comets obſerve the ſame Law in | 
their Circulations round the Sun as the Planets do; 
that is, they move at ſuch a Rate in their Orbits, 
that the Line which joins the Sun and them, does al- 
ways deſcribe Areas or Spaces proportional to the 
Times; and therefore upon the ſame Account as the 
Planets, they likewiſe muſt have a Gravity or Pro- 
penſion towards the ys. „ 

WHEN the Comets come to the inferior Parts of The Comets 
their Orbits, and deſcend towards the Sun, or are _ they 
juſt afcending from him, then only they become hole. 5 
viſible; afterwards departing from the Sun, and ben im 
aſcending higher in their Orbits, they run out into vj/ible. | 
far diſtant Regions, and withdraw themſelves from 
our Sight; for upon the Account of their going fur- 
ther off the Sun, the Light they receive from him 
is thereby much weakened ; and becauſe likewiſe of 
their greater Diſtance from us, their apparent Diame- 
ters become conſtantly leſs, till at laſt they vaniſh into 
a Point, and become inviſible. In their Aphelions, 
whither they run out into far diſtant Regions, becauſe | 
of the great Excentricity of their Orbits, they have a 
very flow Motion; but in their Perihelions, where 
_ come near the Sun, they move with a quick 

ace. i 

LE s be the Sun, APDG the elliptick Orbit Plate 
of a Comet, and TCE the Orbit of the Earth. If XVI. 
we ſhould ſuppoſe the Semi-Axis of the Comet's Or- Fig. 3. 
bit to be 100 Times greater than the Semi-Axis of 
the Earth's Orbit, or, which is the ſame, than its 

„ mean 
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Lecture mean Diſtance from the Sun, that Comet would not 
XVII. complete its Revolution in leſs than 1000 Years; 
2 for the Squares of the periodical Times of the Earth 
| and Comet, muſt be as the Cubes of their mean Diſ- 
| tances from the Sun; and the Comet becomes vi- 
ſible only for that Part of its Period, wherein it de- 
ſcends towards the Sun, and approaches near the 
Earth, as in F; and then, after it hath paſſed its 
Perihelion, conſtantly riſing higher from the Sun 
about G, it will begin to vaniſh, and will not- be 
viſible without a Teleſcope. If the Aphelion Diſtance 
be to the Perihelion, as 1000 is to 1, the Velocity 
of a Comet in the Peribelion will bear the ſame Pro- 
portion to the Velocity at the Fphelion. For the 
Area ASB muſt be but equal to the Area PS D, 
if the Arches AB and P D be deſcribed by the Co- 
met in equal Times; and then the Arch PD muſt 
be greater than AB, in the ſame Proportion as A8 
is greater than PS. This is the Proportion of their 
abſolute Velocities. But their angular Velocities 
about the Sun are in a duplicate Proportion of theſe 
Diftances, or as 1,000,000 to I; ſo that while the 
Comet in its Peribelion deſcribes one Degree with its 
angular Motion, when it aſcends to its Aphelion, it 
will deſcribe in an equal Time but the 43. of 


The fmall SINCE the elliptick Orbits of Comets are all of 
Portton of them very excentrick, thoſe Portions of them wherein 


the Ellipſe they become viſible to us, may paſs for Parabolas. 


cobich # For if one of the Focuſes of an Ellipſe recede infinitely 


* ; Motions becomes much eaſier; and upon that Hypo- 
, thefis our moſt ſkilful ¶Hronomer and Geometer, Dr. 
7 : | Halle;; 
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Halley, has conſtructed and calculated a Table, by Lecture 
which the Motions of all Comets are eaſily comput- XVII. 
ed, and the Calculations founded upon this F yp 
theſis do exactly agree with the Obſervations made on 8 
them. Dr. Halley himſelf, having computed the 
Motions of ſeveral Comets, and. campared them 
with Obſervations made by others, has found 'there 
was fo nice a Correſpondence between them, that 
the Calculation ſcarce ever differed from the Obſer- 
vation above three Minutes. By which Examples 
it is abundantly manifeſt, that this Theory ſatisfies 
all the Appearances and Motions of Comets, with no 
leſs Exactneſs than the Motions of the Planets are 
accounted for and foretold from the Theories we 
have of them, whoſe computed Places do ſometimes 
differ from "Obſervations as much as in Comets. And 
although the Motions of Comets are much more un- 
equal than thoſe of the Planets, yet this Theory 
does wonderfully anſwer all their Appearances: And 
therefore, ſince it is built upon the ſame Laws as the 
Theory of the Planets, and the Mations of one go- * 
verned by the ſame Phyſical Cauſes as wer" of the 
other are; and ſince it accurately anſwers all Obſer- 
vations of A/tronomers, it cannot but be the true 
Theory. 42 24; ro loctods wk 
Al. THOUGH all the Planets have their proper Mo- Many Co- 
tions from Yet to Eaſt, yet many Comets have been mets move 
obſerved to hold on in a contrary Courſe, n 
have been ſeen to go from Eaft to Mes, with a“ ? 
very great Degree of Velocity. Such was the Courſe 
of the Comet which Rigiomontanus ' obſerved in the 
Year 1472, that deſcribed 40 Degrees of a great 
Circle. in one Day. Hence we can poſitively con- 93erefore 
clude, that there are no Vortices, or Whirlpools of there can 
fluid Matter in the Heavens, which, according to #* #9 Vor- 
the Opinion of ſome Philoſophers, carry the Planets 
round the Sun For if there were any ſuch Whirl-' 
pools, when the Comets come down and enter 
within the Region of the Planets, they muſt be neceſ- 
farily driven put of their Courſe by the rapid Motio 3 
| | Yr 0 


- 
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| Lecture of the Solar Vortex, as by a mighty Torrent, which 
XVII. near the Barth is of fuch Force, that it carries it 
ways above 20,000 Miles in an Hour: And who can 


think, that ſo rapid a Stream would not affect the 
Comets, and when they have a Motion contrary to 
its Motion, ſoon deſtroy it? For what can reſiſt ſo 
violent a Torrent of fluid Matter? Now, many Co- 
mets have been obſerved to take a Courſe directly con- 
trary to this Stream, and which perform their Mo- 
tions with the greateſt Freedom, and without the leaſt 
Refiftance, juſt after the ſame Manner as they would 
do in a void e, where there is nothing to with- 


ſtand them. But this is * repugnant to the Na- 
um which can put the 


ture of a Vortex; for that | 
Planets in Motion, would, without all Queſtion, ſet 


all other Bodies which ſwim in it a going the fame 


Way. But fince there is nothing like this obſerved. 
in Comets, we muſt acknowledge that in the Heavens 


ere is no there is no Reſiſtance, and therefore no Medium or 
Fluid in the Fluid, which, compared with our Air, hath any 


Heavens 


ſenſible Denſity 3 For our Air gives a very conſider- 


which has ahle Refiftance to all Bodies that move in it. 


a ſenfible 
Denſity. 


Lr not therefore the Carteſians and Leibnitzions 
talk to us any more about their Vortices; for the Ap- 
pearances of the Celeftial Bodies are ſuch as that we 


ean by no means admit of them; ſo that they who 


labour to explain the Motions of the Heavens by 


them, do only amuſe us with Trifles and Impoſfibili- | 


dies; and it is to no Purpoſe to trouble ourſelves any 


k 
of the Madium mult be the leaſt that can be, or next 


longer with their Fancies, ſince there is Demonſtra- 


tion againſt them. 


SiNc = the Reſiſtance of à fluid Medium ariſes 


_ chiefly from its Denſity, it from thence neceflarily | 


follows, that where there is no ſenſible Reſiſtance of 


the Medium, there the Medium muſt have no ſenſible: 


Denſity; and therefore, ſince in the Heavens the 
Comets ſuffer no ſenſible Reſiſtance, but exert their 
Motions with the greateſt Freedom, as if they were 
in a perfect void or Vacuum, there likewiſe the Henfity 


to 


to Nothing. And who knows but the Medium in the Lecture 
Heavens may be ſo rare and fine, that if you except XVII. 
the Planets, and their Amaſpheres, the Matter which. . 
is diffuſed through all the reft of the Planetary Re- | 
gion, or our Solar Syſtem, may not be fo much as 
that which is contained in an Inch of our common 
Air, For this we have demonſtrated to be paſſible in 
our Phyſical Lectures. N 1 


7 


Tul Philoſophers after this need trouble us no 4 vacu- 


longer with their metaphyſical Quirks againſt a Ja- um 97 Foid 

_—_ ; for they ſeem to be — | « Quibbles of Proved. 

the ancient Sophiſts againſt the Poſhbility of Motion: 

And as Diogenes confuted the Saphiſts by riſing and 

walking, ſo we may anſwer the Carteſians by bidding 

them look up into the Heavens; and there, notwith- 

{ſtanding their nice and ſubtle Arguments, they will 

find, from the Appearances and Motions there obſerv- 

ed, a manifeſt Demonſtration: for the Neceſſity of a 

Vacuum. | 25 1 

PFE Comets have been obſerved before their De- The Tails 
ſcent to the Sun, and their Return from their Peribe- ¶ Comets. 
lion. For before they have been conſiderably heated 

in the Neighbourhood of the Sam, they ſcarcely pro- 

ject a Tail to make them remarkable: But after they 

have been well heated in their Per:helion, then they 
generally ſend forth a large ſhining and fiery ail, 

which ſeems to conſiſt of a very fne, rare and lumi- 

nous Matter, which is attenuated by the great Heat 

of the Sun, and projected with an immenſe Force from 

the Body of the Comet. "Fhe- Cauſe of this Projec- 

tion perhaps may be very like that whereby a great 
Quantity of fine lucid Vapour was lately thrown out 

from the Eartb, to an immenſe Height above the Air, 

ſo that it was vifible through the greateſt Part of Eu- 

Fope; and in Figure and Luſtre looked very like the 

Tails of Comets; but the Matter being ſpent, it ſoon. 

vaniſhed. : | 35 ; 

LT is very remarkable, that all Comets have their 742 Tails 
Tails in Oppoſition to the San; that is, if the San 2 Comet 
be in the Met, the Tail is: projected Eqſtiuard, n pole to the 


he Sun. 


. 
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1 Lecture the Sun be in the Eaf, the Tail looks Maſitvard; at 
5 XVII. Midnight the Direction of the Tail is to the North. 


Theſe Tails grow bigger as they deſcend to the Sun, 


and at the Peribelions they are biggeſt ; and as they go 
further off from the Sun, and cool by Degrees, the 
Tail leſſens, till at laſt it is contracted within the 
Comet's Atmoſphere. 5 | | 
Cours which have ſhort Tails, do not throw 
forth the Matter of them with a very quick Motion, 
in a continual Stream from their Bodies; for then 
they would ſoon be diſſipated and vaniſh : But theſe 
Fails ſeem to be rather permanent and fixed Columns 
of Vapour and Exhalations, which being propagated 


from the Body with a flow Motion upwards, and 
retaining ftill the Motion which they had impreſſed 


in them to go along with the Comet, they ſtill con- 
tinue to move on with the Body through the Celeſtial 


| Regions. From hence we may likewiſe conclude, 
that in the Heavens there is no Reſiſtance; for in 


them not only the ſolid Bodies of Planets move, but 


alſo the thin and fine Vapours which ariſe from Co- 
mets feel no Reſiſtance; but move with the greateſt 
Freedom, and for a long Time preſerve their Mo- 


tions. 


THe great Comet which appeared in the Year 


1680, after its Departure from the Peribelion, pro- 
jected ſuch a Tail as extended itſelf more than forty 


Degrees in the Heavens; nor can this be a Wonder; 


for it was ſo near the Sun, that its Diſtance from his 


Surface at the Peribelion was but a ſixth Part of the 
Diameter of the Sun's Body; and therefore the Sun 


- 


ſeen from the Body of the Comet, would appear to 


fill the greateſt Part of the Heavens, and its apparent 


Diameter would not be leſs than 120 Degrees; and 
therefore the Heat it received from thence muſt be 
prodigiouſly intenſe beyond Imagination; for it ex- 


ceeded above 3000 Times the Heat of red-hot Iron, 
And therefore we muſt allow, that the Bodies of Co- 


mets, which can bear ſo great a Heat, muſt be very 


denſe, hard and durable Bodies: For if they were 


nothing 


E RTT 20g 
nothing but Vapours and Exhalations raiſed from the Lecture 
Earth and Planets, as ſome have dreamt, this Comet, XVIII. 


at ſo near an Approach to the Sun, muſt have ben 
quite deſtroyed and diſſipated. | | Seals 


Ea nn te Et ae TOS To Bok 
"LECTURE XII. 


The Spherical Doctrine; or, Of the Circles 
T7 of the Sphere. eg | 


EE INCE every Spectator, in whatever The Eye of 
8 Place of the vaſt Expanſion of the Uni- 33 
Ya verſe he reſides, is always in the Center 1 7,92” 
| Ek of his own View, when he looks up at fer of his 
the Heavens, he will ſee it as a Concave Spherical ew: jew. 
Surface, whoſe Center is the Eye, which Surface is 
every Way beſpangled with an innumerable Multitude 
of ſhining-Stars : And the Spectator will likewiſe ob- 
| ſerve, that all the heavenly Bodies perform their Mo- 
tions, whether real or apparent, in this Surface. Ir ;; ww 
Now, ſince the Diſtance of the Earth from the Sun Matter 
is but a Point, as it were, in Compariſon of the im- Whether - 
menſe Diſtance of the Starry Firmament, in whatever 73 
Point of its Orbit the Earth is placed, there will be the n z, © 
ſame Proſpe& of the Heavens, the ſame Poſition and conjideret 
Magnitude of the Stars and Figures of the Conſtella- *o be in the 
tions, as a Spectator would obſerve, did he reſide in 3 
the Sun; and therefore it is the ſame Thing, as to 
theſe Appearances, whether the Center of the Uni- 
verſe or Heavens be placed in the Sun or Earth: 
And if we imagine ſeveral Circles to paſs through 
the Earth, and to have its Center for theirs, and 
others parallel to them to paſs through the Sun, theſe 
Circles in the Heavens will ſeem to coincide, becauſe 
their Diſtance will vaniſh in reſpe& of the immenſe 
| be Diſtances 


Lecture Diſtance of the fired Stars; and thoſe Circles which 


\ 


ASTRONOMICAL: 


XVIII. are drawn through the San and Barth on parallel 


4 great 
oo 


The leffer 


Circles. 


The Poles 
of Circles. 


- 


Planes, will appear to paſs through the ſame Stars in 
the Heavens. e 7 | 
Fo x the better determining the Places of all Sorts 


of Stars, and obſerving of their Motions, it is * 


ſite to imagine ſeveral Circles deſcribed in the Hea- 
vens, ſome of which are great Circles, others of a 
leſs Size. A great Circle is the greateſt that can be 
deſcribed on the Surface of the Sphere, and divides it 
into two equal Portions, and has likewiſe the ſame 
Center that the Sphere has; and therefore all great 
Circles, having the ſame Center, muſt cut each other 
into equal Portions or Semicircles. 

TR x leſſer Circles divide the Spheres into unequal 
Portions, and have not the ſame Center that the 
Sphere has ; and they take their Denomination from 
ſome great Circle to which they are parallel, as the 
A quator, Horizon, or Ecliptick. | 

EVER Circle of the Sphere hath two Poles, which 
are Points on the Surface of the Sphere, which are at 
equal Diſtances from all the Points of the Circle ; 
and they are placed in the Surface where a Line 


from the Center, perpendicular to the Plane of the 


Circle, meets with the Surface of the Sphere, when 
the Line is produced both Ways. 2 
SoME Circles of the Sphere depend only upon the 
Place of the Spectator, and have a Regard to his Po- 
ſition; others again are produced by Motion: The 
firſt are called moveable Circles, becauſe, as the Place 


of the Spectator is changed, ſo are they, and move 


along with him. The ſecond are called immoveable, 
and are fuppoſcd to be fixed to the ſame Points of the 
Heavens. | 1 | 

Tux Circles which owe their Origin to Motion, 
are-chiefly the Ecliptick and ÆEquinoctial, and their 
Parallel. For becauſe the Earth is carried round 
the Sun in a Year, the SpeQator in the Sun will fee 
the Farth deſcribe a great Circle in the Heavens or 


Starry Firmament, which we call the Ecliptick; and 


it is the very ſame Circle which we in the Earth 
-— 7s obſervs 


„ 


E ZBO TURES. 40 
obferve the Sun to move in, by an apparent Motion, Lecture 
likewiſe in the Space of a Year, as we ſhewed be- XVIII. 
fore. The Ecliptick is divided into twelve equal 
Parts, which are called the twelve Houſes or Signs, The Eclig- 
and they have their Names from the neighbouring 99 er 

Conſtellations: They begin at the Vernal Interſection 
of the Æquator, and Ecliptick, and are reckoned 
from the Ve Eaftwards, as the Sun ſeems to move. 
The firft three Signs are Y 8 H, which ariſe from 
the Æquinoctial, and aſcend Northwards to the Point 
of the Summer Soſftice, "The next three are 25 N m, 
which begin from Cancer, and. deſcend again towards 
the quinoctial, till they. come to the Autumnal 
Interſection. The third Ternary of Signs conſiſts 
of m , which begin at Libra, and departing 
from the Æquinoctial Southward, reach the Winter 
Solſtice. r = X make the fourth, which begin 
at Capricorn, and end in the Vernal Æquinox. Each 
Sign is divided into 30 Degrees, and conſequently 
the whole Ecliptick into 360. The Sun is always 
obſerved in this Circle, and never deviates in the leaſt 
from it, as the Planets do, which go ſometimes on 
one Side of it, ſometimes on the other, through a2 
Space of about eight Degrees; and therefore, if we 
imagine a broad Circle or Zone of about ſixteen De- 
grees in Breadth, which the Ecliptick cuts in the Mid- 
dle, this will be the Space wherein the Planets per- 
form all their Motions, and by the Greeks it is called 
the Zodiack, by the Latins Signifer, or the Sign-bearer, 73, Fo- 
becauſe of the Signs placed within it. diack. 
Ir we imagine an indefinite Number of great 
Circles to be drawn thro” the Poles of the Ecliptick, 
and interſecting of it, theſe Circles are called Se- Seconda- 
condaries of the Ecliptick, for by them every Star des of the 
and Point of the Heavens are reduced to the Eclip- REIT 
tick, and have their Places in regard to it determined 
in the Heavens. For the Place of any Star reduced 
to the Ecliptick, is that Point where the Secondary 
paffing thro? the Star interſects the Ecliptick. The 
Arch between this Point and the Beginning of , 
er the Vernal Interſection, and counted Ea/iward, 


208 


ASTRONOMICAL 


Lecture is called the Longitude of that Star, as the Arch of 


XVIII 


the Secondary between the Star and the Ecliptick is 
called the Latitude of that Star, and is either North 


The Longi- or South; for the Ecliptick divides the Starry Firma- 


tude and ment into Hemiſpheres, North and South. 
Latitude of 


a Star. 


The Pri- 


- 


SINCE the Earth turns round its own Axis, from 
thence it comes that the Inhabitants thereof ſee the 
Heavens and all the Stars revolve round the Earth, 


in the Space of twenty-four Hours, from Eaſt to 


Meſt; which apparent Motion is called the diurnal 
or daily Revolution of the Heavens, and was con- 
ceived to be by the Force of a moving Sphere called 
the Primum Mobile, or Firſt Moyer, which carried 


mum Mo- the whole Heavens round with it about an Axis, 


bile. 


The Aqui- 
nodal, 


which coincides with the Axis of the Earth pro- 
duced, as if the Earth itſelf had no Motion, but 
the Heavens were volvible. The great Circle which 
is exactly between the two Poles of the Zarth, or at 
equal Diſtance from both, is called the Earth's 
A quator ; and if we imagine the Plane of this Circle 
extended or produced to the Heavens, it will there 
make the Celeſtial Æquinoctial Circle, or the Æqua- 
tor in the Heavens; and all the Stars, and every 
Point of the Heavens except the two Poles, will ſeem 


to deſcribe by their apparent Revolution either this 


Circle, or a leſſer parallel to, it; which Circles are 


either bigger or leſſer, according as the Stars which 


ſeem to deſcribe them, are more removed or nearer to 


the Poles. 


TAE Equinoctial and Ecliptick being both 
great Circles, will cut each other into Semi- circles, 
and their common Interſection will always keep 


parallel to itſelf, and will conſtantly be directe 
to the ſame Point of the Heavens; for we here 


abſtract and conſider as nothing that very ſmall 


Motion, whereby the Axis of the Earth falls back- 
ward, and this interſection equally with it. And 
therefore, whenever the Sun is obſerved in the Point 
of the Ecliptick, where this Interſection is, that 
is, when the Earth is really in the oppoſite, the 
Sun then by this apparent diurnal Motion * de- 

e cribe 


LECTURES. 


ſcribe the Equinoctial Circle in the Heavens; and 1 
there being two Points of Interſection, the Sun will XVII 


be obſerved to revolve in the Equinoctial twice every 
Year; that is, when he is in the two Interſections, 
Vernal and Autumnal, at which Times all the Inha- 
bitants of the Earth will have their Days and Nights 
equal; upon which Account this Circle has got the 


Name of the Equinoctial. The Angle which the 
Ecliptick and the Equator make at the Points of In- 
terſection, is about 23% Degrees. The Fan leaving 


theſe Interſections by an apparent Motion, declines 


every Day from the EquinoRial Circle. more and 


more towards the North or South, till he comes to the 
ninetieth Degree from the Interſections, where he 
appears to be 237 Degrees diſtant from the Equinoc- 
tial, which is his greateſt Declination: For from 
thence he begins to return again towards the Equinoc- 
tial; and therefore the two leller Circles, which the 


* 2 * 


a Greek Word, which ſignifies to return: This, upon Tropicks; 


: O 


v4 of Capricorn, Ho this, apparent Motion of the 


Sun, and conſtant Change of his Declination, ariſe 


cle, from the two Bears that lie near it; the other 
Circle on the South is called the Antarctic, or Circle 
oppolite to the Ar#ich. _ | 


Ir through the Poles of the World, or of the Equi- $ecanderia 
noctial, there be conceived innumerable great Circles e Equis 
Os e to nactiali 


n 8 — * x7 
1 = HL " um — — — TOY — 7 1 „ 


— 


2810 ASTRONOMICAL 
Lecture to be drawn, they are called Secondaries of the Equi- 
XVIII. noctial, by the Help of which the Poſition of every 
| Point of the Heavens, in regard to the Equinoctial, 
is determined, as before they were determined by the 
Secondaries of the Ecliptick, in regard to the Eclip- 


'F| > bs ag tick: And the right Aſcenſion of a Star, or Point in 
1 cenſion 


11 =, + Deck the Heavens, is an Arch of the Equinectial, between 
0 4 0. . f a the Beginning of Aries and the Point where the Se- 
1 Star. condary, paſſing through the Star, cuts the Equinoc- 
1 tial. he Declination of a Star or Point is the Arch 
Il of the Secondary intercepted between the Star and the 
1 ö Equinoctial, which is likewiſe, as the Latitude, 


either North or South, as the Star declines towards 
the North or South Pole: From hence theſe Secon- 
| daries are called Circles of Declination. And the 
The two two Chief of them are the two Colures, one of which, 
Colures. paſſing through the two Equinoctial Interſections, is 
| called the EquinoCtial Colure; and the other, which 
cuts the former at right Angles, and paſſes through the 
Poles of the Ecliptick, is called the Solſtitial Colure, 
becauſe it interſects the Ecliptick in the Points which 
are at the greateſt Diſtance from the Equator; to 
which when the Sun comes, he does not ſenſibly, for 
ſome Days, change his Declination, but ſeems to ſtand 
without approaching to, or receding from, the Equi- 
noctial ; and therefore theſe Points are called Solſtices. 
THAT Circle which is on the Surface of the { 
Earth, exactly in the Middle between the two Poles, 3 
is the Earth's Aquator ; and by the Production of it N 
we ſhewed, that the Celeſtial Equinoctial was formed. | 
And as the Places of all the Stars in the Heavens are | 
determined by their Longitude and Latitude, in regard 
to the Ecliptick and its Secondaries ; ſo by the Ter- 
reſtrial A£quator and its Secondaries, drawn through _ 
the Pales of the Earth, the Poſitions of Cities and 
Places upon the Surface of the Earth are determined ; 
according to Longitude and Latitude. A Secondary of 
. Meri. the ZEquator, paſſing thro? any Place on the Earth's 
 dianof Surface, is called the Meridian of that Place; be- 
Places cauſe that when, by the Rotation of the Earth round 
| | | : Its. 


— 
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its Axis, the Plane of that Meridian comes to po thro' Lecture 
the Sun, then the Inhabitants under this Meridian XVIII. 
have Mid-day. The Longitude of any City or Place 
is an Arch of the Equator intercepted between a cer- The Longis 
tain Point where ſome fix*d Meridian paſſes, which is u and 
called the firſt Metidian, and the Metidian of the * 
Place. The ancient Geographers made the firſt Meri- I 
dian paſs thro* ſome known Place, which was as far 
I/e/tward as they knew, and from thence they reckon- 
ed the Longitude of all Places conſtantly He 2 
But ſince by Navigation it has been diſcovered, that 
there is no Place in the Earth that can be eſteemed the 
molt Meſteriy, ſo that there is not another more Ne- 
ward vs it, this way of computing the Longitude 
from a firſt Meridian hath been generally laid aſide z 
and now each Geographer determines the Longitude 
of Places in regard to the Longitude of the chief City 
of the Country where he dwells. The Latitude of a 
Place is an Arch of the Meridian of that Place inter- 
cepted between the Place and the Æquator, and is 


either North or South, as the Place lies on the North 


or South Side of the Equator. Cn | 

Or the Inhabitants of the Earth compared with 
one another, in regard to their Meridians and Paral- 
lels, ſome are called Periœci, that live under the ſame The Periz 
Parallel, but in the oppoſite Semicircles of the ſame ci, 
Meridian; both of them have the Seaſons of the 
Year the ſame, the Sun by its annual apparent Mo- 
tion coming to or receding from the Vertex of both 
Places at the ſame Time of the Year; but they 
change their Turns of Night and Day; ſo that when 
it is Mid-day to the one, it is Mid-night to the other, 
Others again are called Antœci, whoſe Habitations . A... 
lie in the fame Semicircle of the Meridian, but in :&ci. 
oppoſite Parallels, and both of them have Mid- day and 
Alid-night at the ſame Inſtant of Time ; but the Sea- 


ſons of the Year are different, it being Summer to one, 


when it is Winter to the other, Laſtly, there are 
the Antipodes, whoſe Habitations being ſituated in gz, Ang. 
both oppoſite Parallels and oppoſite Meridians, have podes, 
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1 Loecture their Feet directly oppoſite to one another in a Line 

1 XVIII. paſſing through the Center of the Earih; and they 

FRY wa have not only their Days and Nights directly con- 

'F i os trary, but alſo the Seaſons of the Year : When it is 

1 | Summer in the one, it is Winter in the other Place 

1 and when Mid-day in the firſt, the ſecond reckons 
1 Mid-night. 

THe four leſſer Circles in the Surface of the 

Earth's Globe, which lie directly under the Circles 

| of the ſame Name in the Heavens, viz. the two Tre- 

The frve picks and Polars, divide the Earth into five Portions, 

Zones. which are called Zones; of which the Torrid is that 

which is bounded on each Side by a Tropict, and was 

believed by the Ancients to be not habitable, by rea- 

ſon of the violent Heats: But our modern Travellers 

and V oyagers have diſcovered this Tract of the Earth's 

Surface to be the moſt, fruitful and delightful of all, 

abounding not only with the Things that are neceſ- 

ſary, but ſuch likewiſe as conduce to the Satisfaction 

and Pleaſure of Life; upon which Account it is very 

well ſtored with Inhabitants. There are two cold 

Zones which the polar Circles comprehend ; in the 

Middle of the one lies the Ar#1c+ Pole, of the other 

the Antaraich, and in them the Cold is fo exceffive, 

that they are ſcarcely habitable. Beſides theſe, be- 

tween the Frigid and the Torrid Zone, on each Hand 

lie the two temperate ones; that on the North is poſ- 

ſefled by us, the other our Anti podes keep. Virgil 

clegantly deſcribes theſe five Zones, 


Duingue tenent Cœlum Zone, quarum una coruſes 
Semper Sole rubens, & torrida ſemper ab igne; 

Duam circum extreme dextra lævaque trahuntur,, 
Cœrulea glacie concrete atque imbribus atris, 

Has inter mediamque due mortalibus ægris 

Munere conceſſe Divum. 


The Am- THE Inhabitants of the Torrid Zone are called 
phitol. - Amphiſcii, having their Meridian Shadows at diffe- 
| : bent 


LE C : an 
rent Times of the Year projected towards both Poles; Lecture 
but when the Sun comes to be vertical to them, then XVIII. 
they have no Shadow, and are Aſcii or Shadowleſs,. 
nothing that ſtands perpendicularly upwards having a gz, a; 

Shadow at Noon. We who live in the Temperate 
Zones may be named Heteroſcu, baying our Meridian The Hete- 
Shadow projected only towards one Pole throughout roſcii. 
the whole Year. But the miſerable People of the two 
Frigid Zones are called Periſcii, becauſe the Sun not The Peri- 
ſetting upon them, their Shadow turns quite round in ſcii. 
the Space of twenty-four Hours. 
THE two Circles which we conceive to be imm 
moveable, and determined by their reſpe& to the , 
Spectator, are the Horizon and Meridian. The Ho- 
rizon is that great Circle which any one, when he is 
placed in a large extended Plane, or in the open Sea, 
obſerves, terminating or bounding his Sight every- 
where round him, by which the viſible Heaven is 
diſtinguiſhed and ſeparated from the inviſible. This 
Horizon, being diſcovered by our Senſes, is called the | 
ſenſible Horizon, from which the rational Horizon, 71, Hori. 
parallel to it, is diſtant by the Semidiameter of the zon ſe» 
Earth, through whoſe Center it paſſes: For the A/tro- ble and ra: 
nomers reduce the Appearances of the Heavens to a #944 
ſpherical Surface, which is not concentrical to the 
Eye, but to the Earth. | | | 
IT is true, theſe two Horizons, produced to the 
fixed Stars, will appear to coincide into one, ſince the 
Earth, compared to the Sphere in which the fixed Stars 
appear, is but a Point; and therefore the two Circles, 
which are but a Point diſtant from each other, may 
be well conſidered as coinciding into one. There are 
two Poles of the Horizon; the one is the Point of the 
Heavens which is directly over the Head of the Spec- 
tator, and is called the Zenith; the other directly op- Zenith 
poſite, under his Feet, is named the Nadir; and innu- and Nadir 
merable Circles, drawn through theſe Poles to the % Fele 
Horizon, are ſtiled Vertical Circles or Azimuths. A- 3 
mong them there are two particularly remarkable, 
one of which is the Meridian, and the other is the 
1 Prime 


1 
i 
| 
7 
2 
q 
} 
3 
1 


— dhe hat - ws. 


B _ RY "= 
bay _ 


= SLICED * 


* an: Dane os - * = —. 
mY Gs, x 
a2 
- 
| „* n 
1 1 5 
e 


214 ASTRONOMICAL 


Lecture Prime Vertical; the firſt paſſes through the Poles of the 
XVIII. Aquator and the Zenith, and cuts the Horizon in the 
Points of North and South; the other paſſing through 
Te Verti- the Zenith cuts the former at rizht Angles, and marks 
cal or Azi- upon the Horizon the Points of Eaft and et. Theſe 
muth Cir- Circles divide the Horizon, at their Interſections with 
cles. it, into four Quarters, each of which is again ſubdi- 
vided into eight Parts; and conſequently the whole 
Horizon is divided into thirty-two Parts, which are 
called the Rhumbs or Points of the Compaſs. 
The Ai. THE Altitude or Depreſſion of any Star is an 
tude or De. Arch of the Vertical intercepted between the Horizon 
praſion of and the Star. | | 
2 Star. AGAIN, the Azimuth of a Star is an Arch of ths 
Erg Horixon, intercepted between the Points of North or 
Bon. y South, and the Point where the Vertical paſſing thro' 
| the Star cuts the Horizon, and is either Eafterly or 
| Fefterly. The riſing or ſetting Amplitude of a Star 
The 4mpli- is an Arch of the Horizon intercepted between the 
Points where the Star riſeth or ſetteth, and the Points 
of Eaſt or Neſt; and this Amplitude is either North or 
South, according as the Star, at riſing or ſetting, is to 
the North or Scuth of thoſe Points. 

As in the Horizon all the Stars firſt appear and 
diſappear, ſo in the Meridian Circle they all ariſe to 
their greateſt Height or Altitude, where they are ſaid 

The Cul- to culminate; ſo likewiſe they are at their greateſt 
mination, Depreſſion below the Horizon, when they arrive at 
the fame Meridian. Now, fince the Meridian makes 

Right Angles both with the Aquator and Horizon, 

it will divide the Segments of the Equator and all 
Parallels, as well thoſe that lie above the Horizon as 

thoſe which are below it, into equal Portions; and 
therefore the Time between the riſing of a Star, and 

its Culnunation or Arrival at the Meridian, will be 

equa] to the Pime between this Culmination and its 

Setting; and becauſe the Sun every Day deſcribes 

tome Parallel! by its apparent diurnal Motion, when 

the Sun comes to the Meridian at any Time, it will 

be then Mid-day; and Mid-night, when he arrives 

| | hy | at 
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at the fame Meridian below the Horizon; and from Lecture 
thence this Circle has its Name. The Ninetieth or XVIII 
Nonage/imal Degree is that Point of the Ecliptick which = 

is g@ Degrees diſtant from the Interſections of the 
Horizon and Ecliptick, and the Altitude of this Point 
is the Meaſure of the Angle of the Horizon and Eclip- 
tick. The Medium Caœli, or Mid-Heaven, is that 
Point of the Ecliptick which culminates, or is in the 
Meridian. In the aſcending Signs, from vy to S, 
the Nonageſimal Degrees to the Eaft of the Meridian; 
but in the deſcending Signs, from e to , the Nong- 
geſamal lies Weſtward of the, Meridian, 

ALTHoO? we have here conſidered the Horizon and The Hori 
Meridian as immoveable Circles, taking the apparent ;,n ang 
Motion of the Heavens as real; yet if we ſpeak ac- Meridian 
cording to Truth, and the Nature of Things, the !ruly move- 
Horizon and Meridian are the only moveable Circles, _ 8 85 
and the Sun or a Star riſes not when it aſcends, but 
when the Plane of the Horizon deſcends below it, ſo 
that the Star or Sun becomes viſible. So likewiſe the 
Stars ſet not by their own Motion, or gang down 
under the Horizon, but by the Horizon's aſcending and 
getting above them ; which Motion of the Horizon 
ariſeth from the Rotation of the Zarth. So alſo the 
Sun or Stars arrive at the Meridian, when the Plane 
of the Meridian of any Place, having an angular Mo- 
tion round the Axis of the Earth, comes to pals thro? 
the Bodies of the Sun or Stars. 

SINCE every Meridian finiſhes its Circulation The uni- 
round the Axis, or 360 Degrees in twenty-four Hours, v Me- 
it muſt each Hour have an angular Motion of 15 De- An. 
grees, which is the twenty-fourth Part of 360; and 
therefore, if we conceive a Circle paſſing through the 
Poles, which makes an Angle of 15 Degrees with the 
univerſal Meridian paſſing through the Sun, when by 
the Earth's Rotation the Plane of the Meridian of any 
Place comes to the Plane of this Circle after it has 
paſſed the univerſal Meridian; then the Inhabitants 
in that Meridian will reckon one Hour after Mid- 
day, and therefore that Circle is called the Circle of 

| Fs the 
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Lecture the firſt Hour. In like Manner, if another Circle be 
XVIII. conceived cutting the Æquinoctial in the thirtieth 
1 Degree from the univerſal Meridian, this will be the 
| Circle of the ſecond Hour; and when the Plane of 
the Meridian of the Place comes to coincide with it, 
„it will be in that Place Two of the Clock in the Af- 
'S ternoon. After the ſame Manner, if through the 
j 1 Poles, and every fifteen Degrees of the Æquator, we 
dl 4 e Hora- conceive Circles to paſs, they are called Horary Cir- 
11 xy Circles. cles; and they will divide the Æquinoctial into 
1 - twenty-four equal Parts, and each of them in its 
1 Order will determine the Hour that is to be reckoned 
l 1 | ; in a Place, when the Plane of a Meridian of that 
81 1 Place comes to coincide with that Circle. So, for 
Example, when the Meridian of the Place comes to 
the Circle which makes ſeventy- five Degrees with the 
univerſal Meridian, the Hour then counted in that 
Place will be the fifth from Noon. But when the 
1 Meridian of the Place makes an Angle of ninety De- 
1 grees with the Meridian paſſing through the Sun, then 
14 it will be the fixth Hour. But, on the other Hand, 


+ i if we ſhould imagine the Meridian of the Place to be 
TY immoveable, and that a Circle paſſing through the 
4 Poles and the Sun ſhould, together with the Sun, turn 
| round the Axis, as it appears to do; when the Plane of 
this Circle, in which the Sun reſides, coincides with 
Ky a Circle that makes an Angle of fifteen Degrees with 
1 the Meridian of the Place Veſtward, it is then the 
1 | | firft Hour after Mid-day ; and the Circle with which 
1 the Circle paſſing through the Sun and Poles does then 
| coincide, is called the Circle of the firit Hour, The 
; next Circle to this, which makes an Angle of thirty 
| Degrees with the Meridian of the Place, is the Horary 
1 | Circle for Two of the Clock; and that which makes 
1 an Angle of forty- five Degrees with the Meridian of 
the Place, is the Horary Circle for Three of the 
Clock, Oc. „ | | 
PlatexyI. IN any Place of the Terraqueous Globe, the 
Fig. 4+ Height of the Pole above the Horizon is equal to the 
Latitude of the Place, Let the Circle H Z Q be the 
:ü | Meridian, 
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Meridian, HO the Horizon, A CQ the Æquator, Lecture 
Z the Zenith, and P the Pole : The Elevation of the XVIII 
Pole, or its Diſtance from the Horizon, is the Arch : 
P O, the Latitude of the Place, or its Diſtance from 
the Equator, is Z E. And becauſe the Arch P 
between the Pole and the Equator is a Quadrant, or e Heigbe 
fourth Part of a Circle, and the Arch Z O, from the of the Pole 
Zenith to the Horizon, is likewiſe a Quadrant, theſe 4%9ve the 
two Arches Z A and PO muſt be equal. Take 2 - 
away the Arch Z P, which is common to both, and nel io ahs 
there will remain the Arch Z A equal to the Arch Latitude of 
PO; that is, the Latitude of the Place is equal to the Place. 
the Altitude or Height of the Pole above the e - 

HENCE we have a Method of meaſuring the Cir- 
cumference of the whole Earth, and of knowing how 

many Miles it is round the Earth: For if we go 

directly Northward till the Pole be elevated one De- 
gree higher, and then if we meaſure the Length of the 
Way we have gone Northward, and have the Number 
of Miles it contains, we ſhall have the Number of 
Miles in a Degree of a great Circle of the Earth's 
Globe; and this Number multiplied by 360, the De- 
grees in the whole Periphery, it will give the Length 
of the Circumference of the Earth in Miles. By the 
moſt accurate Obſervations, the Length of a Degree 
is found to be 69 Engliſb Miles, which was com- 
monly reputed to be only 60 Miles, 9 
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LECTURK xXx 
Of the Doctrine of the Sphere. 


1 Lecture X HE Angle contained between the Aqua- 
1 XIX. 6 | tor and the Horizon, is meaſured by the 
| 75 


Arch of the Meridian ZE H, which is 

Je Right oi N the Complement of the Latitude to 3 
Poſition of Quadrant. And therefore if that Angle 
5 right, the Latitude of the Place will be nothingz 
or the Place will be in the Æquator; or the Equi- 

noctial Circle will paſs through the Vertex of the 

Place, and all the Parallels of the ÆEquator will be 
perpendicular to the Horizon ; and therefore this Po- 

fition of the Sphere is called a Right Poſition, in which 

all theſe Parallels are cut by the Horizon into equal 
Portions; whence the Stars are as long above the 

Horizon as they lie hid under it: Here likewiſe the 

Poles lie in the Horizon without any Elevation, as is 

manifeſt by the Figure, where the Point of the Æqui- 

noctial Z is in the Vertex, and the Poles P þ in the 

P Horizon. If we go from the Aquator towards 
Fig. 5- either of the Poles, the /Equator will then appear to 
depart from the Vertex or Zenith, and to come near- 

er to the Horizon, making with it an oblique Angle; 

An oblique whence ſuch a Situation is called an obligue Poſition of 
Sphere 3 o the Sphere, and the Pole towards which we move doth 
Po . riſe more and more above the Horizon, the nearer we 
the Sphere, approach it; its Elevation being always equal to the 
Latitude of the Place, while the other continues as 

Fig. 6. much depreſſed below it. The figure does clearly 
ſhew this ſort of Poſition, which we and all that live in 

the Temperate Zones obtain, where the Æquator X# Q 

is biſected by che Horizon, as it is in a right Sphere. 
Where⸗ 
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Wherefore when the Sun, by his apparent diurnal Lecture 
Motion, deſcribes this Circle, it makes the Day XIX. 
equal to the Night; but the Parallels of the Æquator, eee 
in this obligue Poſition, are not cut into two equal 
Parts by the Horizon, but thoſe which are towards the 
elevated Pole, each of them have a greater Portion 
above than under the Horizon: And as each Parallel 
is nearer the Pole, ſo much the larger Portion of it 
ſtands above the Horizon. But when the Diſtance 
of the Parallel from the Pole becomes leſs than the 
Elevation of the Pole, or the Latitude of the Place, 
then that Parallel, and all thoſe included within it, 
are wholly above the Horizon, no Part of them ever 
ſetting under it, The contrary happens in the Paral- 
lels which lie towards the depreſſed Pole, a ſmaller 
Portion of them being above the Horizon, and the 
greater Part lying under it. And thoſe Parallels, 
which are nearer to the depreſſed Pole than the Lati- 
tude of the Place, remain perpetually, together with 
the Stars included within them, under the Horizon, 
and are never viſible to us. Hence it is neceſſary, 
ſince the Sun each Day deſcribes, by his apparent 
diurnal Motion, ſome Parallels, that from the Ver- : 
nal Æquinox to the Summer Solſtice, the Days grow=  ' ' 
ing longer and longer, will be continually longer than 
the Night; after the Solſtice, though the Days con- 
tinue till the Autumnal Equinox to be longer than 
the Nights, yet they become ſhorter and ſhorter, and 
at the Equinox they _ equal the Nights: From 
thence to the Winter Solſtice, the Days continually 
. become ſhorter than the Nights, and are the ſhorteſt 
when the Sun is in that Solſtice; but as the Sun leaves 
it, they increaſe again, and in the Vernal Aquinox 
the Day is as long as the Night. | 
IN an oblique Sphere the Stars all obliquely rife 
and ſet. And as the Right Aſcenſion of a Star is the 
Arch of the Aquator contained between the firſt of 
Aries, and that Point which comes to the Meridian 
with the Star, or that Point which in a Right Sphere Obliaue 
riſes with the Star: So the Oblique Aſcenſion is wr Aſcenlion 
= Axel | 
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Climate 


Lecture Arch of the Æquator between the firſt of Aries, and 
XIX. that Point of the Equator which riſes together with 
the Star in an Oblique Sphere, and numbered from 

Heft to Eat, which, according to the Obliquity of 


- TheAſeen- the Sphere, is various. The Difference between the 


fional Dif- Right and the Oblique Aſcenſion is called the Aſcen- 
ſerence. nal Difference. | 

I x an Oblique Sphere there is one Parallel as much 

diſtant from the elevated Pole, as the Place is from 

The Circle the Æquator, which is called the Circle of Perpetual 


| efPerpetu- Apparition, or the biggeſt of all thoſe which conſtantly 


1 appear; which is ſuch, that al! Stars incloſed within 
a 6: it never either riſe or ſet; though they ſometimes riſe 
higher, ſometimes deſcend lower towards the Horizon. 
Towards the other Pole, there is another Circle oppo- 
fite to this, which is the Circle of Perpetual Occultation, 
within which all the Stars that are contained never 
riſe, but conſtantly lie hid under the Horizon, and fo 
are not to be ſeen. | | 
Ir the Æquator makes no Angle with the Horizon, 
but thoſe two Circles coincide; in ſuch a Situation 
the Pole and Vertex coincide, and all the Paral- 
lels of the Æquator become Parallels to the Hori- 
4 Parallel zen; and ſuch a Situation is called a Parallel Sphere, 


/ 


Sphere. in which no fixed Stars do ever riſe or ſet, but turn 


Plate XVI. round in Circles parallel to the Horizon. And when 
Fig-7- the San enters the Æquinoctial, it then glides the 
whole Day along the Horizon. When he riſes to- 
wards the elevated Pole, he never ſets, but makes a 
very long Day of ſix Months: But when he goes 
from the Æquinoctial towards the depreſſed Pole, he 
never riſes, and then there is a conſtant Night of fix 
Months Length. This Poſition of the Sphere be- 
longs only to them who live at the Pole, if any are fo 
miſerable as to have ſuch a Place for their 13 
tion, ; | 
Tx ancient Geographers divided the Earth by 
and Paral- Ciimates and Parallels; for they who live under the 
dels, Aquinoctial, being in a Right Sphere, have their 
Days and Nights equal: If we remove from thence 
„ towards 
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towards either Pole, the Days in Summer become Lectures 
longer than the Nights, and the nearer we approach XIX. 
the Pole, the greater is the Difference between Day, 
and Night, when the Day is at the longeſt; till we 
come under the Polar Circles, where there is no 
Night at all. Hence the Geographers did ſo divide 
the Earth by ſuch Parallels, as made the longeſt Day 
increaſe by Quarters of an Hour; that is, each Pa- 
rallel was ſo far diſtant from the next, that the longeſt 
Day, in the more remote from the Æquator, was 
a Quarter of an Hour longer than that Day at the 
Parallel nearer to the Æquator: And therefore rec- 
koning the Equator as the firſt Parallel, the ſecond 
Parallel paſſed through thoſe Parts of the Earth, 
where the longeſt Day was twelve Hours and a Quar- 
ter long. Under the third Parallel, the longeſt Day 
was twelve Hours and two Quarters. In the fourth, 
the longeſt Day was twelve Hours and three Quarters, 
Sc. Now, two ſuch Parallels made up a Climate, 
which were therefore diſtinguiſhed by the longeſt 
Day, increaſing half an Hour from the one to the 
other. But the Exceſs of the Solſtitial Day above 
twelve Hours may grow ſtill bigger, till we come to 
the Polar Circle, where the Sun not ſetting, makes 
the Day twenty-four Hours long, which is greater 
than the Equinoctial Day of twelve Hours by twenty- 
four half Hours, or forty-eight Quarters of an Hour. 
From hence we gather, that the Number of Cli- 
mates between the Æquator and Polar Circles muſt 
be twenty-four, and the Number of the Parallels 
forty-eight, - 

BECAUSE the Civil Year of the Ancients did not The Riſzg 
keep Pace or agree with the apparent annual Motion 44 Setting 
of the Sun; having the Day of the Month, and the se erg ; 
Year when any memorable Action fell out, it could yam, 
not be from thence immediately known in what Sea- cal, and 
ſon of the Year it was done. And therefore when Heliacal. 
the Huſbandmen ſettled the Times for the ſeveral diſ- 
tinct Parts of their Buſineſs, they could not point 
out that Time by a certain Day of their Kalendar; 

„ | ; for 
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1 Lecture for the ſame Day of the Month was not always in the 
XIX. fame Seaſon of the Year: But it was neceſſary to 
Wy have more certain Characters and Marks to diſtin- 
5 3 Times; and therefore the Writers of Huſ- 
| andry, Hiſtorians and Poets, had recourſe to the 
Riſings and Settings of the Stars, by them to mark 
out the Times. And of theſe Riſings and Settings 
they reckoned three Sorts, viz. The Coſmical, Achra- 
nical, and Heliacal. A Star is ſaid to rife or ſet Cof- 
mically, which riſes or ſets when the Sun riſes ; ſo that 
a Star which riſes or ſets in the Morning, riſes or ſets 
Coſmically. A Star riſes Achrenically, when it riſes. 
while the Sun ſets, that is, in the Evening, when it 

is in Oppoſition to the Sun, and is viſible all Night, 
| A Star riſes Heliacully, when after it has been in 
bt | Conjunction with the Sun, and on that Account in- 
viſible, it comes to be at ſuch a Diſtance from him; 
as to be ſeen in the Morning before Sun-riſing, when 
the Sun, by his apparent Motion, recedes from the Star 
towards the Eat. But the Heliacal ſetting is when 
the Sum approaches fo near a Star, that it hides it with 
His Beams, which keep the fainter Light of the Szar 
from being perceived. And therefore the Heliacal 
rifing and ſetting is rather an Apparition and Occul- 

tation, than a riſing and Setting. 

AL TL the fixed Stars in the Zodiack, as likewiſe the 
ſuperior Planets, Mars, Fupiter, and Saturn, riſe 
1'v * Heliacally in the Morning a little before Sun-riſing, 
= and a few Days after they have ſet Coſmically; be- 

| | cauſe the Sum in his apparent Motion gets before them; 
moving faſter Ea/iward : But they ſet Helacally in the 
Evening a little before their Achronical ſetting. But 
the Moon, whoſe Motion Eaſiward is always quicker 
than the apparent Motion of the Sun, riſes Helacally 
in the Evening, after the New Moon or the Change, 
when it can be firſt diſcovered at dun- ſetting; but the 
Moon ſets Heliacally in the Morning, when the Moon 
is old and approaching to a Change, The inferior 
Planets, Venus and Mercury, which ſometimes ſeem 
to go Vgſtward from the Sun, and ſometimes * 
ave 
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have a quicker Motion than he Eaftward, riſe Heli. Lecture 


acally in the Morning when they are retrograde; but XIX. 
when they are direct in their Motions, they riſe Helia- 


cally in the Evening. 


[x order to obſerve the Altitude of the Sun, or any How to ob- 
Star, we uſe a moveable Quadrant EAD, with de 


fixed Sights A, B, or a Teleſcope placed along one 
of its Sides, and a Plumb Line AC hanging from 
its Center. The Quadrant being placed in a Verti- 
cal Plane, muft be turned upwards and downwards, 
till the Rays of the Sun, paſſing through the Hole of 
the firſt Sight next the Center, fall upon the Hole 


Altitude of 
the Sun, or 
of @ Star. 


of the other; or till the Sun's Image appears in the Plate 
Focus of the Leleſcope; and then the Quadrant being, XVII. 
kept in this Poſition, the Plumb Line, or Thread, ©'s- 2. 


will ſhew the Arch E, C, which meaſures the Alti- 
tude of the Sun. For produce AC to the Zenith 
Z, and let AH be an Horizontal Line : The Angles 
EAB and Z A H are equal, being both right; but 
the Angles BAC and ZAS are likewiſe equal, they 


being vertical to each other: Wherefore, taking 


away equal Angles, there will remain the Angle 
EAC equal to the Angle SAH. But the Arch 
EC meaſures the Angle E AC, and the Arch of 
the Vertical between the Sun and the Horizon mea- 
ſures the Angle SAH; and therefore this Arch or 
the Sun's Altitude, and the Arch EC, are ſimilar 
or like Arches. But if the Height of a Star be to be 
obſerved, inſtead of the Irradiation of Beams as in the 
Sun, we muſt look through both Sights, or the Te- 
leſcope for the Star; and when we can fee it, then 
the Thread will ſhew the Altitude of the Star. The 
Meridian Altitude of the San or Star is known by ob- 
ſerving when the Altitude is greateſt; for then the 


Sun or Star attains his greateſt Height, being then in 
the Meridian. | | 7 


Ay 


TE Knowledge of the Latitude of the Place is Hoa fo Ob- 
| the Foundation of all AHronomical Obſervations, with- ſerve the 
out which we can know nothing; and therefore it Latitude of 


is firſt accurately to be obtained: And becauſe we © 


have 
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Lecture have ſhewed the Altitude of the Pole to be always 
XIX. equal to the Latitude, we can beſt find our Latitude 
vy obſerving the Pole's Height; but becauſe the Pole 

is only a Mathematical Point, and no ways to be 
perceived by our Senſes, we cannot find its Height 
by the ſame Method as we did that of the Sun or 
Stars : And therefore we muſt take another Way for 
75-7zver- finding it. And firſt we mult find the Section of the 
ten of the Plane of the Meridian with the Horizon, which Sec- 
Meridian tion is called the Meridian Line. This is obtained by 
885 erecting a Gnomon or Perpendicular upon the Hor:- 
zon, in order to caſt a Shadow; and at the Foot of 
the Gnomon, at that Point which is directly under the 
Top- point, which caſts the Shadow, there muſt be 
deſcribed a Circle, on whoſe Circumference the Sha- 
dow of the Top- point may fall before Mid-day; and 
that Point of the Circumference where the Shadow 
comes, muſt be carefully marked. Again, after Mid- 
day obſerve the Point where the Shadow comes 
again to the ſame Circumference; and let the Arch 
between the two Points of the Shadow be biſected, 
or cut into equal Parts. A Line drawn from the 
Center to the Point of Biſection will be the Meri 
dian Line: For the Sun before and after Mid-day 
being equally high, is 2 diſtant from the Meri- 
dian, or is in two vertical Cireles, which make on 
each Side equal Angles with it. Place therefore 
the Quadrant on the Meridian Line, ſo that its Plane 
may be in the Plane of the Meridian; and then take 
ſome Star near the Pole, which never ſets, and obſerve 
| both its greateſt and leaſt Altitude, Let then the greateſt 

Plate be S O, and the leaſt O; the Difference of their Al- 

ee titudes is the Arch 88, the half of which PS or Ps, 
2 deducted from the greateſt Altitude 8 O, or added to 

the leaſt 5 O, will give PO, the Altitude of the Pole 
above the Horizon, which is equal to the Latitude of 
the Place. If the Declination of the Sun be known, we 
may find out the Latitude of the Place in this Man- 
ner: Obſerve the Meridian Diſtance of the Sun from 
the Vertex or Zenith, which is always the Complement 
_” or 
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of his Altitude; and add to this the Sur's Declina- Lecture 

tion, when the Place and he are on the ſame Side of XIX. 

the Equator; or ſubtract the Declination when they — | 
are on different Sides, the Sum or Difference is always — 

equal to the Latitude: But when the Declination of 

the Sun is greater than the Latitude of the Place, 

which is known from the Sun's being nearer to the 
elevated Pole than the Vertex of the Place is, as it 

will often happen in the Corrid Zone; then the Dif- 

ference between the Sun's Deckination and the Sun 5 

Zenith Diſtance is the Place's Latitude. | | 

Hav iNnG once found out the Latitude of the Place, How to ob= 
the Obliquity of the Ecliptick, or its Inclination 2 the 
to the Æquator, is eaſily obtained, by obſerving © 1 Ty ef & 
about the Summer Solſtice the Sus leaſt Diſtance igt. me 
from the Vertex: If this Diſtance be ſubtracted from 
the Latitude of the Place, when the Place is nearer to 
the Pole than the Sun is, the Remainder will ſhewy 
the greateſt: Declination of the Sun, which is equal 
to the Obliquity of the Eclipticx. Moſt Aſtrono- 
mers make the greateſt Declination of the Sun, or the 
Obliquity of the Ecliptick, to be 233 Degrees; but 
the more accurate Obſervations of our modern Aſtro- 8 
nomers ſhew it to be one Minute leſs. \ | | 

By the ſame Method 'the Declination of the Sun How to. © 
for any Day, or that of a Star, may be taken; for findtheDe- 
when the Sun or Star is nearer to the Æquator than — ery of 
the Place, take the Difference between the Latitude 3 * 
of the Place and the Meridional Diſtance of the San a 
or Star from the Vertex, and we ſhall have the Decli- 
nation: But if the Vertex of the Place lie between 
the Sun or Star and the ZEquator, then the Sum of 
theſe two Quantities is the Declination. 

HAvinG the Declination of the Sun, it is eaſy to To find the 
find his right Aſcenſion and Place in the Ecliptick, Sun's right 
Wy the Solution of a right-angled ſpherical Triangle. - _ 

or Jet EQ be the Equator, A C the Ecliptick, xvII. 

S the Sun; from which let fall on the Æquator a Fig. 3. 
Circle of Declination S D, and then the Arch SD 
Q will 
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Lecture will be the Sun's Declination. And therefore in the 
XIX. right-angled Triangle ES D we have SD and the 

le : We can therefore from thence find, by 

| ſpherical Trigonametry, the Arch A D, which is the 

right Aſcenſion of the Sun, and AS, which gives 

Bis. Place in the Ecliptick; and likewiſe the Angle 
ESD, the Inclination of the Circle of Declination, 

or of the Meridian with the Ecliptick. 80 likewiſe 

the right-angled Triangle ASD, if we have the Side 

D, which is the right Aſcenſion, the Angle A 


being conftant and known, we may eaſily find the 
Side S D, which is the Declination of the Point of 
che Ecliptick 8, which comes to the Meridian toge- 
ther with D, and is then called the Medium Cæli, or 
Mid-heaven; as alſo the Angle E SD, the Ineli- 
nation of the Meridian to the Echitiek. Or, laſtly, 
if AS, the Longitude of the Point 8, be known, 
we can from it find its right Aſcenſion and Declina- 
tion, together with the Angle DS C of the Eeliptick 
| and Meridian. 5 . Ny. x 
Tie appa- - IF the Declination of the Sun, by the Method we 
rent Motion have ſhewed, be daily obſerved, we can from thence 
of the dun collect the apparent Motion of the Sun in the Eclip- 
cliptick is tiche, which is always equal to- the Motion the Zarth 

| ot egunble- Teally has in the fame Time. Now, by Obſerva- 

0 tion, we find that the Sun does not move equably, or 

always with the ſame Velocity in the Ecliptick : And 

1 therefore the real Motion of the Earth muſt be un- 

1 equal, and not conſtantly the ſame; in the Summer 
Solſtices the Earth has a flower Motion, in the Win- 
ter J ime it moves quicker: And this happens, becauſe 
the Earth by its real Motion is carried in the Peri- 

meter of an Ellipſe, which has the Sum in one of its 
Foci - round which it revolves in ſuch a Manner, that 
a Line drawn from the Sun to the Hartb, and by an 
angular Motion carrying the Earth along with it, 
doth always ſweep or deſcribe Elliptick Areas or 
| Spaces, proportional to the Times in which they are 
_ deſcribed. | TR 


"Having 
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HavinGs the Place of the Sun in the Ecliptick, Lecturt 

by the Help of it, and a good Pendulum Clock, we XIX. 
may find the right Aſcenſions of all the Stars: For, 

which Purpoſe the Motion of the Clock: muſt be ſo To find the 

adjuſted, that the hand may run through the twenty, right . 

four Hours in the Time that a $tar leaving the Meri- ©: 8 
dian will arrive at it again; which Time is ſome- AE. 

what ſhorter than the natural Day, becauſe of the 

Space the Sun moves through in the mean Time Eaft- 

ward, The Clock being thus adjuſted, when the 

Sun is in the Meridian, fix the Hand to the Point, 

from whence we are to begin to reckon our Time; 

and then obferve'when the Star comes to the Meri- 
dian, and mark the Hour and Minute that the Hand 

then ſnews: The Hours and Minutes deſcribed by the 

Index, turned into Degrees and Minutes of the qua- 

tor, will give the Difference between the right Af- 

cenſion of the Sun and Stars; which Difference, be- 

ing added to the right Aſcenſion of the Sun, will give 

the right Aſcenſion of the Star. Now, if we know 

the right Aſcenſion of any one Star, we may from it 

find the right Aſcenſions of all the others which we 

ſee, by marking the Time-upon the Clock between 

the Arrival of the Star, whoſe right Aſcenfian we 

know, to the Meridian, and another Star, whoſe Aſ- 

cenſion is to be found, This Time converted into 

Hours and Minutes of the Aquator, will give the 

Difference of right Aſcenſions; from whence, hy 
Addition, we collect the right Aſcenſion of the Star 


which was to be found out. | | Ih 

Bur by knowing the right Aſcenſion of one Star, The right 
the right Aſcenſions of the reſt are eaſieſt found by the 4/cenſiop of 
following Method; where there is no need of wait- 9** ee 
ing till the Stars come to the Meridian. We only 5 on 
uſe a Teleſcope, in whoſe Focus there are fixed four thence to 
Threads extended, two of which, as AB, CD, cut find the 
one another at right Angles, and the other two 712% 4 
EF, G H make half-right Angles with the former _ — 
two, at their common Interſection O: Then the 
Teleſcope is to be directed to a Star, whoſe right 
Aſcenſion and Declination are known. (L398 

; | Q 2 AND 
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Lecture AND then the Teleſcope is to be conſtantly turned 
XIX, till the Star be ſeen in the Line AB, ſo as its appa- 
Ways Int diurnal. Motion may be along that Line; in 
Plate Which Poſition the right Line AB will repreſent a 
XVII. Portion of that parallel Circle the Star deſcribes, it 
F. being in a Parallel to its Plane: And becauſe the 
Line CD cuts it at right Angles, it will repreſent 
ſome horary Circle. F ix then the Teleſcope very 
firm in this Situation, and mark the Time according | 
to the Clock, when the Star, whoſe Aſcenſion is 
known, comes to the Line CD. Then, again, ob- 
ſerve any other Star with the Teleſcope, hich will 
appear to move in ſome Line LK that is parallel to 
AB; and mark likewiſe the Time when it comes to 
the horary Circle CD in Q. The Difference of 
Times, between the Arrival of the firſt Star to the 
horary Circle, and the Coming of this laſt to the 
ſame, converted into Degrees and Minutes of the 
ZEquator, will give the Difference of the right Aſ- 
cenſions: And therefore if the right Aſcenſion of one 
of them be found, we may from thence. collect the 
right Aſcenſion of the o ter. 
Becausk the Angles QHO and OH are equal, 
being each half a right, QH will be equal to . 
Now, if we mark the 'Time between the coming to 
the Thread O H, and its touching the Thread O Q, 
we ſball have the Time the Star takes to deſcribe the 
Rortion QH of tbe Parallel. This Time being 
turned into Degrees and Minutes, will give the Num- 
ber of Degrees and Minutes of "he Portidn H. 
But the Arch of the horary great Circle is equal to 
this Arch Q H. Now, in unequal Circles the De- 
e tray and Minutes that equal Arches contain are reci- 
. © procally as the Radii or Semi-diameters of the Cir- 
+. Cles, as we ſhall ſhew :hereafter. As the Radius 
© therefore of the great Circle is to the Radius of the 
Parallel L K (which does not ſenſibly differ from the 
Radius of the known Parallel FB) that is, as the Ra-- 
dius is to the Sine of the Stars Diſtance from the Pole, 
ſo are the Number of Degrees and Minutes in the 
Arch H Q of the Parallel, to the Number of Negrees 


-- 
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and Minutes in the Arch O Q hof the great Circle ; Lecture 
which therefore will be known by the Rule of Pro- XIX. 
portion. But Q Q is the Difference of the Declina a, 
tion of the Star which deſcribes the Parallel A B, and | 
of that which deſcribes the Parallel LK; therefore 
from the Declination of one of theſe Stars being 
known, we can find the Declination of the other. 
And by this Method the right Aſcenſions and Decli- 
nations of moſt Stars may be obſer ver. 
TRHAr in unequal Cireles the Numbers of ſimi- 
lar Parts, as Degrees and Minutes, that are in Arches 
equal in Bigneſs, are reciprocal to the Radii of the 
Circles, may be thus demonſtrated. Imagine two plate 
unequal Circles, whoſe Center is C, and in them XVII. 
equal Arches BE, AF; Draw from the Center Fig. 5. 
CB, CE, cutting from the leſſer Circle the Arch 
AD. The Arches AD aud BE will contain equal 
Numbers of Degrees and Minutes; and becauſe AF 
and B E are equal, AD will be to AF, as AD is to 
BE. But AD is to BE, as CA is to CB; there- 
fore AD wilt be to AF, as CA is to CB. But 
AD is to AF, as the Number of Degrees and Mi- 
nutes in AD or in BE is to the Number of De- 
grees and Minutes in AF. Wherefore the Number 
of Degrees and Minutes in B E is to the Number of 
Degrees and Minutes in AF, as CA is to CB; or 
in a reciprocal Proportion of the Radii of the Circles. 
Which was to be demonſtrated. t een d leide 
HAI the right Aſcenſion and Declination ee 
a Star, its Longitude and Latitude may be found out 40 2 of 
by the Solution of a ſpherical Triangle. For ima- $tar, and 
gine BPQ to paſs through the Poles of the Æquator irs Decli- 
and Ecliptick; this Circle is the Solſlitial Colure. kation, to 
Let AQ, be the Equinoctial, E C the Eeliptick, 74% | 
whoſe Section with the Equinoctial is Y, ande let S 2% Lat. 
be a Star, through which paſſes the Circle of De- tude. 
clination PS F, cutting the Equinoctial at F: Ie Plate 
Arch YF is the right Aſcenſion: of the Star, and Ap 
oF its Declination, Draw through the Pole of the Fig ' 
Ecliptick. B and the Star the Circle of Latitude 
8113 * Q 3 "WY Þ. 
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230 ASTRONOMICAL 
Lecture BSO, meeting with the Ecliptick in O: Then 
XIX. YO will be the Longitude of the Star, and 8 O its 
HL titude. In the ſpherical Triangle B SP, we have 
the Side PS, which is the Complement of the Decli- 
nation, and the Side BP, which is equal to the Arch 
that meaſures the Inclination of the Kequarer and the 
Ecliptick: Beſides which, we have the Angle which 
is meaſured by the Arch FQ, the Complement of 
the right Aſcenſion ; and therefore we have the Angle 
BPS, its Complement of two right Angles. And 
therefore in the Triangle BPS, having three of its 
conſtituent Parts, we may find firſt the Angle PBS, 
whoſe meaſure is the Arch OC, and its Complement 
to a Quadrant is the Arch YO, which is the Lon- 

NY oe of the Star. We can likewiſe, from the fame - 
Things given, find the Arch BS, whoſe Comple- 
ment to a Quadrant is S O, the Latitude of the Star. 
After the fame Method, if the Longitude and Lati- 
tude of a Star be known, we may from thence find 

| Ks right Aſcenſion and Declination, © 
The Longi- By comparing the Places of the. fixed Stars, as 
tudes of the they were delivered to us by the Ancients, with what 
many they now obtain, we find chat their Latitudes are 
increaſe, much the ſame they were formerly; but their Lon- 
| but their - gitudes or Diſtances from the firſt of Y Have been 
Latitudes found to increaſe continually : Not that the Stars 
are d, have areal progreſſive Motion; but beeauſe the Equi- 
| EO noctial Points have a Motion backwards; and the 
Longitudes are. computed from them. The Longi- 
tude of any fixed Star obſerved by the ancient Aftrono- 
mers, compared with the Longitude it has at prefent, 
ſhews the Quantity of this Regreſſion! of the Equi- 
noctial Points to be about one Degree in 72 Years. | 
B the Method we have ſhewed, the Longitudes 
and Latitudes of the fixed Stars are found, and _ 


1 and their Places are ranked in a Catalogue ; whic 
#3 | being once eſtabliſhed, the Places of the Planets and 
{ 1 0 Comets are eaſily known by Obſervation and Compu- 
Mo | tation. For if the Diſtances of any Planet or Comet 
from two fixed Stars of known Longitude and _ - 
ip 9. . | | | tude, 


tude, be taken by Obſervation, we may by that Means Lecture 
determine the Longitude and Latitude of the Planet XIX. 
or Comet in the Pa, vane Manner: 3 
Lazar EF be a Portion of the Ecliptick, whoſe plate 
Pole is B; and let A and C be two Stars, whoſe XVII. 
Longitudes and Latitudes are known, and Pa Planet, Fig. 7+ 
whoſe Diſtances from the ſame Stars are known by 
Obſervation. In the Triangle ABC, having AB 
and C B the Complements of the Latitudes of the two 
Stars, and the Angle ABC, whoſe Meaſure is the 
Arch EF, the Difference of Longituge of the two 
Stars; from thence we may find AC the Diſtance of 
the Stars, and the Angle BCA. Again, in the 
Triangle AP C we have all the Sides from which we 
may find the Angle PCA; which being ſubtracted 
from BC A, will leave the Angle BCP. Laſtly, in 
the Triangle BCP, we have the Sides B C, CP, and 
the Angle PCB; from which we can find the Angle 
PBC, whoſe Meaſure is OF the Difference of Lon- 
itude of the Star C and the Planet. We can alſo 
d the Arch PB, the Complement of the Latitude of 
the Planet. i Fa | E 
AFTER the ſame Method, if we have the Diſ⸗ 
tances of a Planet from two fixed. Stars, whoſe right 
Aſcenſions and Declinations are known, we may find 
out the right Aſcenſion and Declination of that Planet. 
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LEC T U RE xXx. 
Of the Twilight, and the Refraction of 


the Stars. 

Leue rKRTMESIDES b nde 
XX. MN. B niencies which we receive from the 
— Ys B N Atmoſphere, we have this great Advan- 

The dir Aa Fa tage, that while the Sun ſhines, it 


makes the K M makes the Face of the Heavens or Fir- 


| is 75! mament to appear lucid and bright; for if no Aa- 


moſpbere ſurrounded and involved the Earth, only 

that Part of the Heavens would appear to ſhine in 
which the Sun was placed: And a Spectator, if he 
ſhould turn his Back to the Sun, would immedi- 
ately perceive it as dark as Night; and even in the 
Day- time, while che Sun ſhined, the leaſt Stars would 
be ſeen ſhining, as they do now in the cleareſt 
Night; fince in that Cale there would be no Sub- 
ſtance to reflect the Rays of the Sun to our Eyes, and 
all the Rays which do not fall upon the Surface 
of the Earth, paſſing by us, would either illumi- 
nate the Plarets and Stars, or ſpreading themſelves 

\ out into infinite „ would never be reflected back 
to us. 

Bur ſince there is an Atmoſphere covering the 
Earth, which is ſtrongly illuminated by the Sun, it 
reflects the Light back upon us, and makes the whole 
Heavens to ſhine; and that ſo ſtrongly, that by rea- 
ſon of its Splendor, it obſcures the faint Light of the 
Nen, and renders them inviſible. 5 15 
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ASTRONOMICAL 
at A, whoſe ſenſible Horizon is AN. Since ne 
Line can be drawn-to A between the Tangent AN 


and the Periphery AD, bythe 16th of the Third 
Element, it is plain, that when the Fun is under the 


. Horizon, no direct Rays can come to the Eye at A: 


Anot ber 


But the Sus being in the Line CG, a Line may be 
drawn from him to C, ſo that the Particles C may be 
illuminated by the direct Rays of the Sun; which 
Particles may reflect theſe Rays to A, where they 
may enter the Eye of the SpeQator : And by this 
Means the Beams of the Sun's Light illuminating an 
innumerable Multitude of Particles, may by them be 
reflected to the Spectator in A. Let the Tangent AB 
meet with the Surface of the Orb of Air that reflects 
the Light in B; and from B draw BD, touching 
the Circle ADL in D, and let the Sun be in the 
Line B D at 8: Then the Ray SB will be reflected 
into B A, and will enter the Eye, becauſe of the 
Angle of Incidence D BE being equal to the Angle 
of Reflection ABE: And that will be the firſt Ray 
that reacheth the Eye in the Morning, and then the- 
Dawnipg begins; or the laſt which falls upon the 
Eye at Night, when the Troiligbt ends. For when 
the Sun goes lower down, · the Particles at B can be 
no longer illuminated. £3408 

THrz Reflection of the Atmaſpbere does not 


Cauſe of the ſeem to be the only Cauſe of the Twilight; but 


Twilight. 


there is an Ætherial Air, or Atmoſphere, likewiſe 
round the Sun, which ſhines after the Body of the 
Sun is ſet: This Orb of the Sun's Atmoſphere riſ- 
ing ſooner, and ſetting later than the Sun itſelf, 


ſhines gut at Mornings and Nights in a circular 


Figure, it being a Segment of the Sun's Atmoſphere 
cut by the Horizon; and its Light is quite of an- 
other Sort, than that which is made by the Reflec- 


tion of our Atmoſphere, But the Duration of the 


Twilight that ariſes from the Sun's Atmoſphere, is 
ſhorter much than that made by the Reſſection of 
the Earth's Atmeſpbere, which does not end till the 
Sun comes to be 18 Degrees below the Horizon, 

£ or 


Og en o ae eee sene 


E Gπ ] A og 


or thereabouts. But there can be no certain Bound: Lecture 
fixed for the Beginnings and Endings of the Ti- XX. 
lights ; for their Lengths depend on the Quantity of 
Matter in the Air which is able to refle& Light, and 

on the Height of the Atmoſphere. In the M inter the The Twi- 
Air, being condenſed by the Cold, is low; and on lights are 
that Account the Twr/ights are ſooner over. In the ned in 
Summer the Air is rarified by Heat, and therefore be- inter 


than in 


ing higher, remains longer illuminated by the San, ſo Sumner. 


that the Ttwilights laſt the longer: Alſo the Duration 
of the Twilight is ſhorter in the Morning than at 
Night. We generally reckon that the Twyzlight be- 
gins or ends, when in the Morning the Stars of the 
lixth Magnitude diſappear, or in the Evening when 
they firſt come to be ſeen; the Light of the Air be- 
fore that rendering them inviſible. Rzcciolus obſerved 
at Bononia, that: the Morning Twilight, about the 
Time of the Equrnaxes, ; laſted an Hour and 47 Mi- 
nutes; but in the Evening two Hours, and did not 
end till the Sun was 20 Degrees under the Horizon: 
But in Summer the Morning Ttyiligbt was three Hours 


and 40 Minutes long; the Evening Teuilight ſcarcely 


ending till Midnight. 


HEN E if we have the Time of Beginning of the The Height 


Twilight in the Morning, or the End of it at Night, & tbe At- 


we may find the Height of the Air that reflects the moſphere 
Light N for then the Twilight ends, when a Ray —_ =— 
of Light from the Sun touches the Globe of the /zrwarion 
Earth, and is by the higheſt Air reflected to our 9 be 
Eyes: For having the Time, we can find the De- Twilight. 
preſſion of the Sun below the Horizon, and from 
thence the Height of the Air. For let S B be a Ray 
of Light touching the Earth, which is reflected by 
a Particle of Air in its higheſt Region, in the Ho- 
rizontal Line AB; the Angle SB N is the Meaſure 
of the Depreſſion of the Sun below the Horizon: 
And becauſe A B is alſo a Tangent, the Angle AE D 
at the Center is equal to the Angle 8 BN; and its 
Half, that is, the Angle AE B is equal to half S BN, 
of half the Depreſſion of the Sun. Suppoſe the De- 

8 preſſion 
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236 ASTRONOMICAL 


Lecture preſſion of the Sun, at the Beginning or End of tui. 
XX. libt, be 18 Degrees; then the Angle AEB will 
Abe nine Degrees, which would be true, did the Ray 
S8 ) paſs through the Atmoſphere without Refraction: 
But becauſe it is refracted and bent towards H, we 
mauſt diminiſh the Angle A EB by a Quantity equal 
dcs the Horizontal Refraction, which is above half a 
Degree; and therefore the true Meaſure of the Angle 
AEB is 82 Degrees. Moreover, A E is to BH, as 

the Radius is to the Exceſs of the Secant of the Angle 

AEB above the Radius, that is, as 100,000 is to 

1110. Therefore, if the Semi-diameter of the Zarth 

be in round Numbers 4000 Miles, B H the Height 

of the Atmoſphere, which reflects the Sun's Rays, will 

be about 44 Miles ; for as 100,000 is to 1110, ſo is 

4000 to 4. ; * 0 ay 144 F119 2 1590 TT 27 

Under the IN a right Poſition of the Sphere the 'Twilights are 
8 quickly over; becauſe the Sun deſcends conſtantly 
42 Time ff Rearer in a Perpendicular; but ini an oblique Sphere 
light iz they laſt longer, the Sun deſcending obliquely; and 
- the more oblique the Sphere is, that is, the greater 
the Latitude of the Place is, ſa much the longer laſt 

the Trilighis: So that all, they who are in above 48 

Degrees Latitude, in the Summer, near the Solſtices, 

have their Atmoſphere illuminated the whole Night, 

and the Twilight laſts till the Sun- riſing, without 

1 any complete Darkneſs. V 
Under the N a Parallel Sphere the Twilight laſts for ſeveral: 
1 % Months, ſo that the Inhabitants have either the 
1%, direct or reflex Light af the Sun for almoſt all the 
| N O85 "O07 WORd pg 27 12 651579 
The Circle Ix below the Horizon you conceive a Circle to. 
terminat- be drawn parallel to the Horizon, and at a Diſtance 


ing Twi- from it, equal to the Depreſſion of the Sun at the 


licht. End of the Twilight > This leſſer Circle is called the 
Circle which terminates the Twilights; for whenever 
the Sun by its apparent diurnal Motion reaches this 
Parallel, the Morning Twilight begins, or the Even- 
ing ends, in whatever Parallel of the quator the 
San is. 5 $34 G -— «RY 77. 793 09) 95.. 1 2 1 
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is ah Fi igure let H be the Horizon, Va X Lecture 
the Circle parallel to it, terminating the Twilight, the XX. 
Circle HZO the Meridian, E Q a the AÆquator, 2 


It is manifeſt that the more oblique the Æquator is to 5% Arche, 
the Horizon, ſo much the greater are the Arches of of the Cre- 


the Equator and its Parallels, intercepted between puſcles or 


the Horizon and the terminating Circle 
Arches QR, da, Ce, Gb, K I, are called the 
Arehes of the Twilights, becauſe they. determine. their 


Duration: And as each Arch has a bigger or leſs Plate. 
Propartion to its Circle, ſo will the Twi/zght, when XVIII. 


the Sun is in that Parallel, be longer or ſhorter, In 
the Circle bounding the Crepuſcles, take any Point, « a, 
thro' which, paſſes a 
thro' @ imagine a great Circle to be drawn, as MaN, 
touching, 15 Circle of perpetual Aren And 
lince the Horizon likewiſe touches t e ſame Circle, 
theſe two, 1 15 will. make equal agles with the 
Æquator 199 1 arallels ; for. the Meaſure of each 
Angle is DIY ET of the Parallel from its great. 
Circle 5 U all the Arches of the Fg unto! and 
its Parallels, between the Horizon £19 Circle 
MaN, as mil by by Prop, Beer II. 2 bus's. 
Sphericks, his Ciel FM Will. either cu "the. 
boundin Circle Va in two Points, or, touch it 
in one. Let it firſt cut it in two Points a and þ; 

and therefore t e Arches of the Parallel d, Gha are 
ſimilar: Wherefore, when the Sun by 
Motion deſcribes: theſe two Parallels, the Trtoilights 
are equal; but while he deſcribes. ary intermediate 
Parallel, as C e, the Time of the Twilight | is ſhorter ; 
for in this Caſe Cm the Arch, of Twilight i is leſs than 
Ce, which is ſimilar to the Arch da'or G h, and: 
Ce and da are deſcribed by the Sun in equal Times. 
But when the Sun is in Parallels that are at a greater 
Diſtance from the Aquator. than Gh, the Twilights 
laſt longer; for the Twihght Arch JK. is greater than, 
K, which is deſcribed by the dun in the ſame Time' 

as the Arch ot 2 ee G 2. a «ds 


3 
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Parallel to the Æquator da; and 


its diurnal | 


FIB. Bs 


2 > ay The Twilight. 
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238 ASTRONOMICAL 
Lecture WII x the Sun i is in Parallels that are towards the 
XX. elevated Pole, the Twiligbis do conftant] grow lor 
according as thofe Parallels approach 125 Poles: 
the Twilight Arch © 4 is longer i in bein ng deferibed than 
| "OR, and Y U the fame way js toriger” than op, But 
if the Sun deferibe the Parallel St, it never will meet 
with the bounding 2 atid thet the Twihght laſts 
the whole Night le 
The diffe-, HENCE ariſes a rreat Difference between the In- 
2 Dura- creaſe of the Twilight and its 5 and the In- 
tion of the creaſe and Decreafe of A ys and N ichts. For while 
Twilights. the Sun moves from th innin ing 28 to the firſt 
of Capricorn, all that Time the Days conſtantly de- 
creaſe, and the Nights increaſe : Bur in the Twilight 
it is otherwiſe ; for though the Twilight and Days ate 
at the longeſt when the Sun is in the firſt De ee of 
=, and then they both decreaſe together; Jet the 
15 ies of Twilight do not contitiually Nerat till the 
un comes to >, but 4-4 A. a 7 Point be- 
tween and , to Which when un arrives, 
we have the thotteſt Tioilight. From thence the 
Twilahts Se! begi gin to increaſe again, and thete will 
- be.no At 2 Twilight, ſimilar t that when the Sur 
pd in ihe ator, 1 he reaches And if 
7 je Sun th 10 7. 7585 rthet South, even 9 the 
| opick, the 2855 6 would ſti incfeaſe, although 
the Day 5 . And although the Days from 
Peginnihp of the Sun s Entry into M do con- 
24 Tacreale: yet the Twilights grow ſhorter till the 
Fun comes to à Point between and Y, in which 
Appin we have the ſhorteſt Twilighe+ T This appears 
plain by what wWe are bete to demonſtrate in the 
next place. 
Plate _ 2dly, Lee the Circle MaN touch the bound- 
XVIII. ing Guele in one Point, which ſuppoſe to be 4, 
Fig. 3. through which draw the Parallel to the quator 
da; I ſay, that when the Sun is in this Parallel, 
the Twilight will be the ſhorteſt of all. For becauſe 
the Arches of the Parallels intercepted between the 
Horizon and the Circle Ma N are all ſimilar, mw 


3 9 


e 
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the Æquator, and the Circle Ma N, is equal to the 


bounding Circle from the Horizon ;. as alſo the Angle 


Declination dF; and in the fpherical Triangle 


we can find the Arch dF, the Declination of the 


$626 ÞS>> 
will be deſcribed by the Sun in equal Times: But Lecture 
becauſe the Twilight Arches ce and gh are greater XX. 
than cm or gz, the Sun will be longer in moving 
through the Arch ce than cm, and through the Arch, _ 


gh than gi; that is, longer than in deſcribing the 


Arch da, which Arch therefore is the ſhorteſt Twi- 
light. - a 5 ) | R 
7 HE Diſtance of that Parallel from the Æquator, Ye Time 


in which is the ſhorteſt Ttoilight, is thus inveſtigated. of the 


Becauſe the Circle Ma N and the Horizon H O Hortet 


touch the ſame Parallel, which is the Circle of per- . e 5 
petual Apparition, they will both be equally inclined . 


d. 
to the Æquator: And therefore the Angle an T —9 


Angle FQ of the, Aquator and the Horizon. 
Through the Zenith Z and the Point a, draw the 
vertical Circle Z Y a, cutting the Æquator in the 
Point T. The ſpherical Triangles an T, TQY + 
are mutually equiangular to each other, becauſe; the 
Angles at @ and Y are right; and we have ſhewed 
that the Angles at Q and u are equal; alſo the Angles 
at T are equal, being vertical to each other: "Theſe 
Triangles then being equiangular, are alſo equilate- 
ral; and therefore I @ will be equal to T V, or to 
half the Diſtance of the bounding Circle from the 
Horizon: Moreover, an is equal to Qd, by 13 
Prop. Book II. Theod. for FR and da are parallel, 
and therefore 4Q, is equal to A. oat bu} 

Ix the ſpherical Triangle T Q, rectangular at 
Y, we have the Side TY half the Diſtance of the 


YQT equal to FQ 4, which meaſures the Com- 
plement of the Latitude of the Place; wherefore 
we can find Q, and Q d, which is equal to it. 
From the Point d to the Æquator draw the Circle of 


dQF, we have dQ and the Angle QA, by which 
Parallel of the leaſt Twilight from the Æquator, which 


was to be found, 
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240 ASTRONOMICAL 

Lecture THis Problem might have been ſolved by one ſingle 
XX. - Analogy. For in the Triangle TQ, the Radius; 
Dang. IV:: Co-tang. Q: Sin. Q, or to the Sin, 
The ſame of d Q. But the Sin. of Q: Co-fin. of Q:: Rad.: 
Problem Co- tang. Therefore, by the Rules of the 5r)/ 


Htved by a Element, the Rad, multiplied by the din. of Q, 


4. will be to the Tang. of T X into the Co-fin of T, 
18 as the Radius is to the Sin. of Q.d. But in the right. 
| _ angled Triangle QF, Radius is to the Sine of Q 4, 

as the Sine of the Angle Q to the Sine 4 F; where- 
fore Rad. x Sine Q will be to Tang. of TY x Co- 
fin. of Q, as the Sine of Q to Sine of 4F; and 
| thence, ex quo, it will be as Radius to Tang. of TY, 
ſo Co- ſine of Q, or the Sine of the Latitude, to the 
Sine of the Diſtance of the Parallel from the Æqua- 
tor. Having the Declination of the Sun, the Time 
of the Beginning of the Morning Twilight, which 
we call Break of Day, the End of the Evening 


| bes Dura- Tayitight, is thus to be found. Let op be the Paral- 


Tuiflent lel of the Sun, meeting with the bounding Circle in 
determined. p; and draw through the Pole the Circle of De- 
clination Pp. In the ſpherical Triangle PZ p we 
have all the Sides, for Z P is the Complement of the 
Latitude, Pp the-Complement of the Sun's Declina- 
tion, and Z g equal to the Sum of a Quadrant, and 

the Diſtance of the bounding Circle from the Horizon 
—=Zl+lp., From which we can find the Angle 
Pp, and its Complement to two Rights pP V: 
And the Arch of the Æquator, meaſuring this Angle, 
being converted into Time, will ſhew the Beginning, 
or end of Twilight, - ' - + EY 1 

Refracti'n THE TERRESTRIAL ATMOSPHERE, 
65 the At- by reflecting the Sun's Beams, not only produces the 


moſphere. Morning and Evening Troilight, but it alſo bends and 


refracts the Rays of the Sun, and all the Stars which 
fall on it, and changes their Directions by propagat- 
ing the Light in other Lines, making the apparent 
Places of the Stars different from their true Places. 
Bx manifold Experiments, we find that the Rays 
of a luminous Body, even of any viſible . 

| jeqcd, 
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| je, when they fall upon a Medium or Diaphonous Lecture 
Body, as Air or Water, of a different Denſity from XX. 
chat from whence they firſt proceeded, do not after- , , 
wards go directly in the ſame ſtraight Lines, but are | 
broken or bended, and propagated as if they had pro- 
ceeded from another Point than they really did. And 
if the Medium on which the Rays fall be denſer than 
the firſt, they are bent towards a Line perpendicular to 
that Surface whereon they fall, at the Point of Inci- 
dence; but if it be a rarer Medium, in their bending 
they recede from the Perpendicular. f ho = 
WE obſerve in Nature many Effects of Refraction. Parious 
A Staff, whoſe one Part is immerged in Water, and Effects of 
the other in the Air, appears broken; and that Part Refrac- 
which is in Water appears higher than it really is. 
All the Stars by Refraction appear higher or nearer 
to our Vertex thanthey would be, were there no Air; 
ſo that the Light might arrive to us without Refrac- 
tion. | | | 
LET Z V be a Quadrant of a vertical Circle in the piate 
Heavens, deſcribed from the Center of the Earth XxVIII. 
T; under which is A B, a Quadrant of a Circle on Fig. 4+ 
the Surface of the Earth, and GH a Quadrant on the 
Surface of the Atmoſphere: And let S be any Star 
from which proceeds. the Beam of Light S E, falling 
on the Surface of the Air in E. Now, ſince this 
Ray comes from the Etherial Air much rarer than 
ours, or rather from a perſect void, and falls on our 
Atmoſphere, which is denſe in Compariſon of it ; in 
E it will be refracted towards the Perpendicular : 
And becauſe the upper Air is rarer than that which is 


” 
- 
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„ nearer the Earth, and grows ſtill denſer the nearer it 
0 is to us, this Ray of Light, as it proceeds, will con- 
d ſtantly be refracted and bended; ſo that it will arrive 
h at our Eye in the curve Line E A: Suppoſe the right 
28 Line AF to touch this Circle in A; according to the 
t Direction AF, the Ray of Light will enter the Eye 
75 at A. And becauſe all Objects are ſeen in the Line 
85 according to whoſe Direction the Rays enter the Eye, 

- and ſtrike upon the a the Object will appear 

7 , | In 


3 ASTRONOMICAL 


Lecture in the Line A F, that is, in the Heavens at Q; which 
i | is nearer to our Vertex np the icant ory = 9M 
ut. it may even happen, that a Star which is below the 
BY Fe Horizon may — above it. This Refraction is 
tion an E- alſo the Cauſe why the two great Luminaries, the 
1 elſe of the Fun and Moon, when one of them is above the Hori- 
7 oon mæyzon and the other below it, both may appear above 
= * ;;the Horizon; fo that the Moen has been obſerved 
Wi winder the eclipſed, when ſhe was below the Horizon and the 
Horizon. Sun above it. | | 
Where the A STAR in the Vertex or Zenith has no Refrac- 
Refraction tion, for a perpendicular Ray goes ſtraight on ; but the. 
is greateft; more obliquely the Ray falls upon the Surface of the 
re the Air, ſo much the greater is the Refraction; ſo that 
All the the Horizontal Refraction is the greateſt of all. And 
It. Stars at A Star that is above 50 Degrees high has ſcarcely a 
1 2 ſenſible Refraction. In equal Altitudes the Refrac- 
wi ÞHeights tions are equal: And therefore the Sun, Moon, and 
1 fixed Stars, at the ſame apparent Height, have all 
by ins, the ſame Degree of Refractions; though the noble 
1 Hycho Brabe, the Reſtorer of A/tronomy, and firſt Ob- 
iy! ſerver of Refraction, thought otherwiſe, Hence, if 
1 the Refractions of the fixed Stars are known, we 
it ſhall know likewiſe the Refractions of the Sun, Moon, 
[ and Planets : And it is eaſier to find by Obſervation 
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the Refraction of a fixed Star than that of the Sun 
and Moon; for the Parallaxes of theſe Bodies not 
being exactly known, the Obſervations about their 
1 Refractions will be doubtful; but the fixed Stars hav- 
1 ing no Parallax, all the Difference between their 
1 true and obſerved Places is wholly owing to Refrac- 
tion. 

the Me- THOSE fixed Stars, that riſe higher above the 
t odof Horizon than 50 Degrees, have their Declinations, 
1 8 Right Aſcenſions, Longitudes and Latitudes, accu- 
1 5 rately enough known; for in ſo great an Altitude, 
„ Plate the Refractien is next to nothing. Now theſe being 
1 XVIII. known, we find the Refractions near the Horizon by 
tf | Fig. 5. the following Method. Let OPZH be the Me- 
1 ridian, H O che Horizon, E Q the Equator, P 
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the Pole, and the Vertex Z. Let A bea Star whoſe Lecture 
Refraction is to be found, and let Z D be a vertical XX. 
Circle paſſing thro' the Star, whoſe apparent Place, We” 
ſuppoſe to be C; the Arch AC is the Refraction. 1 
Let the apparent Diſtance of the Star from the Ver- 
tex be obſerved, that is, the Arch Z C: And at the 
Time of the Obſervation take the Altitude of another 
Star, which is fo high that it is not liable to Refrac- 
tion, with which find out the Moment of Time the 
Obſervation was made; which may alſo be known by 
a good Pendulum Clock: By this Time, and the 


. „ 0. 7, 0B new 


e Right Aſcenſion of the Sun, we ſhall find the Point of 

e the ÆEquator, which then culminates, or is in the 

It Meridian, that is, the Point E. But we have alſo 

d the Right Aſcenſion of the Star, that is, the Point B, 

2 where the Circle of Declination, paſſing through the 

5 Star, meets the Æquator, and conſequently the Arch 

id A B will be known; which is the Meaſure of the 

ll Angle Z PA. Therefore, in the ſpherical Triangle 

le ZP A, having Z P, the Diſtance of the Pole from 

5 the Vertex, and P A, the Complement of the Star's 

if | Declination, as alſo the Angle Z PA, we find out by 

ve Trigenometry the Side Z A, the true Diſtance of the 

n, Star from the Vertex; from which ſubtract Z C, the 

M apparent Diſtance known by the Obſervation, and 

11 | there will remain A C, the Refraction of the Star, 

ot which was to be found. 455 

ir THe Refraction may likewiſe be found by obſerv- Another 

v. ing the Azimuth of a Star, or the Arch of the Hori- Method for 

eir zon between the Meridian and the vertical Circle the 

8 paſſing through the Star, that is, the Arch DO; for {94 
that Arch meaſures the Angle PZ A, from which, 

he and the Sides PZ, PA, we may find Z A, the true 

ns, Diſtance of the Star from the Vertex; from which 

u- ſubtract Z C, the obſeryed Diſtance, and we ſhall 

de, have C A, the Refraction required. 30 

ng THE Azimuth of any Star is beſt obſerved, by The Me- 

by drawing on the Plane of the Horizon the Meridian 25 of ob- 

——_ Line AE; upon which ere& the Perpendicular C rs Tyr 

Wd which is eaſily performed by a Line and a Plummet : 2 Star 

the | 2 Then 
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Lecture Then take another Thread with a Weight, as BD; 
XX. and hang it ſo that the Body of the Star may be co- 
vered by the two Threads C A, DB, and then the 
Plate Star will be in the Plane of a vertical Circle, in which 
XVIII. Plane the Threads do likewiſe ſtand : Mark then the 
Fig. 6- Point B in the Plane of the Horizon, and in the 
| Meridian Line, the Point A, upon which is erected 
the Thread AC: And taking in the Meridian Lins 
any Point E, draw AB, B E; then, by the Help of 
a Scale of equal Parts, meaſure the three Sides of the 
Triangle B A E, from which by Trigonometry we ſhall 
find the Angle BAE, which is the Azimuth that 

was to be found. | 
FROM Refraction, the Reaſon is plain why the 
San and Moon near the Horizon appear of an oval 
Figure; for their inferior Limbs are more refracted, 
and raiſed higher than the ſuperior Limbs are; and 
therefore theſe two Limbs will ſeem nearer to each 
other, and the Breadth of the Bodies contracted, while 
both. Ends of the horizontal Diameter being equally 
refracted and raiſed, keep the fame Diſtance from 
one another, and its apparent Magnitude. remains the 

ſame. | | | | 

When the I HE Rays of the Sun, when he is in or near the 
Sun is in Horizon, pats through a larger Body of Air, than 
the Hori= when he is nearer the Vertex. For let A B D be the 
Res 2% Earth, E CF the Orb of Air which ſurrounds it, 
b a whoſe Altitude is commonly reckoned to be 50 | 
larger Miles. Let C A be an horizontal Ray, E A a ver- 

Space of tical Ray: It is manifeſt that CA is longer than 
Airthen E A; and the Proportion of theſe Lines may be thus 
in the Ze. found out. Suppoſe the Semi- diameter of the Earth 
with. in round Numbers to be 4000 Miles, and E A 503; 
Plate then is T ES CT 4050, whoſe Square is equal to 
N= the Squares of C A and AT: And therefore, if from 
'S* 7* the Square of C T we'take away the Square of IT A, 
| there will remain the Square CA; that is, if from 
16, 402, 500 we ſubtract 16,000,000, there will remain 
402, fo, which is the Square of C A, whoſe Root 
is 634: And therefore C A: AE: : 634: 50, which 
Ag 3 | . — 
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is greater than the Proportion of 12 to 1. Hence we Lecture 
ſee the Reaſon why, without hurting our Eyes, we XXI. 
can look upon the San at riſing and ſetting : But in | 
the Meridian he is not to be looked upon, without the 
Danger of hurting our Sight. For the Rays of the 

Sun in the Horizon penetrating ſo large a Body of 

Air, hit againſt an infinite Number of Particles fwini- 

ming in it; and being reflected or abſorbed, the 

Force of the Light is thereby much weakened. Since 

therefore Light is ſo much weakened in paſſing thro? 

ſo ſmall a Space as our Atmoſphere; if this Atmoſphere 

were ſo large as to reach the Morn, and were of the 

ſame Denſity, neither Sun, Moon, nor Stars could 

then be ſeen, | 
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ETTU an: 
Of the Parallaxes of the ST ARS. 


INCE all the apparent diurnal Motions 23% x | 
2 W are performed uniformly round the Axis lig bw 
2 S N . the Earth, and not mo_ the Place cular rang 

of the Spectator who lives upon the % a 

| ny Earth's. Surface; he who 9 che 

Motion of the Stars from this Surface, muſt find, that 2% Lu 
they appear to move with a Motion that is not equal. 
For, if a Body by its Motion deſcribes equally the - 
Periphery of a Circle, the Equality of Motion can be 
ſeen from no other Points than thoſe in the Axis of 
this Circle. And therefore any Star or Phænomenon, 
ſeen from the Center of the Earth, will appear in 3 
different Place from what it does when obſerved from 
the Surface; and this Difference of Place of the ſame 
Star, ſeen from the Earth's Center and viewed from 
its Surface, is called the Parallax of that Star. 


R 3 Let 
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Lecture LIT AB bea Quadrant of a great Circle on che 
XXI. Earth's Surface, where A is the Place of the Specta- | 
dor, and the Point Vein the Heavens his Vertex or 
Plate xIx. Zenith. Let VN repreſent the Starry F irmament, 
bu „ the Line A the ſenſible Horizon, in which ſup- 
42 C 3 poſe the Star C tb be feen, whoſe Diſtance from the 
Center - of the Barth"; 1s TC. If this Star were ob- 
ſerved from the Center T, it would appear in the 
Firmament in E, and ain above the Horizon by 
the Arch DE. This Point E is called the true Place 
of the Phæmmenon or Star But an obſerver viewing | 

it from the Surface of the Earth at A, will obſerve its 
_ Place in the Horizon at D, which is called the vifible 

or apparent Place of the Star : And the Arch DE, 
the Diſtance between the true and viſible Place, is 

named the Parallax of the Star- 

Ir the Star riſes higher above the e is M, | 
its true Place viſible from the Center is P; but its 
'. viſible Place from the Surface is N; and its Parallax 

is the Arch PN, which is teſs than the Arch DE. 
And therefore, the Horizontal Parallax is greateſt of 
all Pgrallaxes and the higher the Star riſes, the leſs 
1s its Patattix * And if it ſhould come to the Vertex, | 
it would have no Parallax at all. For. when it is in 
„Q, it is ſeen both from T and A in the ſame Line 
AV; and thete is no Difference between its true 
The great- and viſible Place. The further a Star is diſtant from 
er the Diſ- the Earth, ſo much the leſs is its Parallax : So the 
{pie Fe Parallax of the Star F is G D, which is leſs than the 
2 Parallax of the nearer Star C. Hence it is plain that 
the Parallax is the Difference of the Diſtances of a 
Stir from the Vertex, when ſeen from the Center, 
and from the Surface of the Earth. For the true Dif- 
tance of the Sar M from the Vertex is the Arch VP; 
— obſerved from ba its viſible Diſtance is 


L Turk Diſtances we meakutes Þy- the Atiges 
VI M and VAM, contained between the Line 
VT drawn to the Vertex, and the Right Lines 
I'M and A M, drawn ay ak the Center and the 
T3 | Surface 
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Surface of the Earth to the Star M: But the Diffe- [,e& 
rence of theſe two Angles is T MA. For the exter- XXI. 


nal Angle V AM is equal to the two inward and op- 
poſite Angles ATM and AMT: And therefore 
ATM is the Difference of the two Angles VAM 
and ATM or V T M. This Angle AMT 
does therefore meaſure the Parallax; and upon 
that Account itſelf is frequently called the Paral- 
lax: And this is always the Angle under which 
the Semi-diameter of the Earth AT appears to an 
Eye placed in the Star : And therefore, where this 
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Semi- diameter is ſeen directly, there the Parallax is 93, para! 
greateſt,- that is, in the Horizon. When the Star lax when 
_ riſes higher, the Parallax is diminiſhed in the Propor- greateſt. 


tion we ſhall ſhew in the following Theorem : | 

THE Sine of the Parallax is to the Sine of the 
Star's Diſtance from the Vertex, in a conſtant and 
given Proportion; which is, as the Semi- diameter of 
the Earth to the Diſtance of the Star from the Earth's 
Fo R, by a well known Theorem in Trigonometry, 
in the Triangle A T M, the Sine of the Angle AMT 
is tothe Sine of the Angle TAM or VAM, as AT 
is to T M; that is, in the conſtant Proportion of the 
Semi-diameter of the Zarth to the Star's Diſtance, 
And therefore, the Sine of the Parallax in C is to 
the Sine of the Parallax in M, as the Sine of the 
Angle VAC is to the Sine of the Arigle VAM: 
And therefore, if the Parallax of a Star be known, 


when it is at any one Diſtance from the Vertex, we 


can find its Parallax at any other Diſtance from the 
Vertex. If any Star or Phenomenon be further dif. 
tant from the Zarth than 15,000 Semi-diameters of 
the Earth, its Parallax will be ſo ſmall, that it will 
be inſenſible, and cannot be obſerved : For, ſince 
TFis to TA as 15,000 to 1; and, as T F is to 
TA, ſo is the Radius to the Sine of the Angle 
ITF A. Hence we ſhall find the Angle T FA leſs 
than 14 Seconds, which Angle is ſo ſmall, that it 
cannot be obſerved by any Inſtrument. 4 

| R4 Ir 
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Lecture IF we have the Diftance bf a Star from the Earth, 
XXI. we can eaſily find its Parallax ; for, in the Triangle 
IA reangular at A, having T A, the Semi-dia- 
meter, of the Earth, and TC, the Diſtance. of the 

Star, the Angle ACT, which is the horizontal Pa- 

rallax, is found by Trigonometry: And again, if we 


have this Parallax, we can find the Diſtance of the 


Star; for, in the fame Triangle, having AT and the 
Angle ACT, we may find out the Diſtance T C. 
Ir a Star has no proper Motion of its own, its 
true Diſtance from any fixed Star, meaſured by an 
Arch of a Circle, always remains unchangeably the 
fame : But, if it have a ſenſible Parallax, its apparent 

' - Diſtance will be thereby changed; and, if the fixed 
Star be in the fame Vertical with the Phenomenon, 
but higher than it, the Diſtance will appear to grow | 
leſs as it riſes higher. If the Star be lower, as they 
aſcend, the Diſtance will increaſe; yet ſeen from the 
Center, they will appear conſtantly to keep the fame 
Diſtance from each other: And therefore, the viſible 
Diſtances of a Phenomenon from a fixed Stur which is 
near it, are not the real, but apparent ones. 
By the Pa- LE there be a Phanomenen or Star appearing in 
_ the Horizon in C: If it were obſerved from the 
dan +a Center, it would be ſeen in Conjunctzon with the 
Phznome- fixed Star E. But the Spectator in A will ſee it in 
non from the ſame Line with the Star D, and will be diſ- 
ide next tant from the Star E by the Arch DE. But as 
beg fag It riſes bikes into M, it will ſtill appear, from the 
3 Center of the Earth, in Conjunction with. the ſame 
Star E, which then will appear in P, But from 
the Surface of the Earth in A, it will appear in N, 
nearer to the Star E than it was when in the Ho- 
rizon ; and therefore will not appear in Conjunction 
with the ſame Star D, as it did before; but will 
be diſtant from it by the Arch Nd, making the 
rch Pd equal to ED. Hence it follows, that if 
any Phenemenon always keeps the ſame Poſition in 
reſpect of the fixed Stars, and changes not its arcual 


Diſtances from them, it bas no fenſible Parallax. 
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changed yet if that Change be only ſo much as ariſes XXI. 


from its proper Motion, in that Caſe likewiſe it will 


have no ſenſible Parallax, But if any Phenomenmn 


departs further from a Fxed Star, or comes nearer ta 
it, than what it would de by its proper Motion, this 
Difference of Accefs or Receſs is the Effect of a Pa- 
rallax. | | 1 


TRI Parallax of a Star in a vertical Cinch u. Kindy 


changes its Place in regard to the other Circles of 4.1 Soy | 
Jaxes. 


Sphere; and makes its viſible Longitude, Latitude and 
Right Aſcenfion, to be different from the true ones, 


- which. are ſeen from the Center; And from hence 


ariſe four other Kinds of Parallaxes. 


LET HO be the Horizon, whoſe Pole is V, EQ? 


late 
the Ecliptick, and its Pole P, V A a vertical Circle N 
paffing through the Star whoſe true Place is C, but 


apparent Place D. in the ſame Vertical, but nearer 
to the Horizon; ſo that the Parallax of Altitude is 
DC. Thro' the Pole of the Ecliptick and the Star 


draw the Cirele of Latitude PC G, and G will be the 


true Place of the Star reduced to the Ecliptick, 
But a Cirele of Latitude, through the apparent Place 


IT, Ze 


| The Parak 
D, will meet with the Ecliptick in H, which will be lac of Love 


che viſible or apparent Place of the Star in the Eclip- gitude, 


tick : The Arch of the Ecliptick G H, intercepted 
between the two Circles of Latitude paſſing through 
the true and apparent Place, is called the Parallax of 
Longitude, and CN the Parallax of Latitude. 

IF the Star be in the vertical Circle, which cuts 
the Ecliptick in the goth Degree from the Hori- 
zon; i. e. in that Vertical which cuts the Eclip- 
tick at right Angles ; as for Example, in the Point 
c of the Circle V E, the Parallax of Longitude will 
be nothing. For, becauſe the vertical Circle VE 
is, in this Caſe, perpendicular to the Ecliptick, it 
will paſs through its Poles, and will be the ſame Cir- 
cle of Latitude in which is the true and apparent 
Place of the Sar; and both theſe Places reduced to 


the Ecliptick will eoincide in the ſame Point: _ | 


But even likewiſe, if its Diſtance from the Stars be Lecture 


- 
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Lecture here the Parallax. of Latitude will be the ſame with 


XXI. 


— 
The Pa- 
ratlax of 
Lati 


the Parallax. of Altitude. 

TE Eaſtern Quadrant of the Ecliptick is that 
ee lies between the goth Degree, and the Point of 
it that riſes: The Weſtern Quadrant lies between 
the goth Degree, and the ſetting Point thereof. A 
4 that is in the Eaſtern Quadrant, has its appa- 

rent Longitude greater than its true Longitude; for, 
while the Stan riſes, the Parallax depreſſes it to- 
wards the Eat. So in the Figure the viſible Place 


of the Star in the Ecliptick is the Point H, which 
is more eaſterly than the true Place G: But if the 


Star be in the Weſtern Quadrant, its viſible Longi- 
tude is leſs than the true, becauſe the Parallax thruſts 


it Weſtward. 


LET the Circle EQ, which before e 


> -3\ "ghs, Ecliptick, be now in the Place of the Aquator, 


The Pa- 
rallax ef 


Right A½ 
Cen 


and P its Pole, PV H: the Meridian, VCA a 
vertical Circle pailing through the Star; in which 
let C be its true Plane, and D its apparent, PC. G, 
P DH ſecondaries of the ÆEquator or Circles of 
Declination paſſing through the true and apparent 
Places of the Star, meeting with the Equator in G 
and H. The Point G ſhews the true Right Aſcen- 
ſion of the Star, H its apparent, and the Diſtance 
GH is called the Parallax of Right Aſcenſion. The 
true Declination of the Star is GC, and its viſible 
is HD, and their Difference N C is the Parallax of 
Peeclination. If a Star be to the Faſt of the Me- 
— ridian, the viſible Right Aſcenſion is greater than 
the true; if to the Veſt of it, it is leſs: And when 
the Star culminates, the Parallax of Right Aſcenſion 
is nothing; becauſe the ſame Circle of Declination 
does there paſs through both the apparent and true 
Place. 

THE Aftronomers have Wai aa, ſeveral Methods 
for finding the Parallaxes of Stars, that from thence 
their Diſtances. from the Earth may be known; for 
if we knew this, we could make fome Eſtimate of 
the Largeneſs and Anaplitude of the Univerſe, Let 
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us now give ſome of the Methods which the 4/tro- Lecture 
nomers have contrived for ſearching out the Paral- XXI. 


laxes. | 


. FiRsT, obſerve the Star, when it is in the ſame 77, Ari 
vertical Circle with two other fixed Stars. Let Way of 
VB be the vertical Circle, in which are ſeen the 


fixed Stars C and D, and the Phenomenon or Star 8, 


whoſe. apparent Place will be likewiſe in the ſame Fig. 3. 


Vertical, which ſuppoſe to be E; and if the Star 
have no proper Motion of its own, it will conſtantly 
be in the ſame Line with the two Stars. After 
ſome Time, again obſerve the Poſition of the Phæno- 
menon with the ſame Stars, when it is not in a ver- 
tical Circle with them, but rather in a Circle pa- 
rallel to the Horizon: 7. e. Suppoſe the fixed Stars 
in c and d, and let the viſible Place of the Star be 
e; but its true Place is in the Line c d, which joins 
the two fixed. It is alſo in the Vertical Ve; and 
therefore it muſt be in the Point where theſe Lines 
cut one another; that is, in 8. Obſerve the Diſ- 
tances of the fixed Stars d and e, and of the Star e 
from the Vertex V: Meaſure likewiſe with an In- 
ſtrument the Arches de, ce, and dc: And, becauſe 
eis the apparent Place of the Star, and S its true 
Place, the Arch e 8 is its Parallax. In the Triangle 
d Ve we have all the Sides; wherefore we can find 
the Angle Vdc. Again, in the Triangle Vde we 
have all the Sides; therefore we can find the Angle 
d Ve. Laſtly, in the Triangle 4 VS we have the 
Sides 4 V, and the Angles 4 VS and V4S, which 
we found before; therefore we can find the Side 
VS; which being ſubtracted from Ve, known, by 
Obſervation, leaves 8 for the Parallax, which was 
to be found out. | | 


ITE Parallax of a Star may be likewiſe eaſily 4 Second 
found this Way, Obſerve when the Phenomenon is Methed. 
in any Vertical with a fixed Star which is near it, PlateXIX. 
and then meaſure its apparent Diſtance from this Fige 4- 


Star: Then obſerve again when the Phenomenon and 


fixed Star are in equal Altitudes from the Hoi * 


p Y - * — — ro 
Mme — 
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Lecture and then again Meaſure their Diſtance. The Diffe- 


XXI. 


rence of theſe Diſtanees will be very near the Paral. 


la of the Star. For let HO be the Horizon, V 
the Vertex, VE a vertical Circle paſſing through 


the Star in E, and the fixed Star in D. Let the true 
Place of the Phenomenon be 8, ſo that SE is the Pr. 
rallax of Altitude, and the Difference of the Star's 
and the Phenomenon s Height is, in this Caſe, their 
viſible Diſtance. Afterwards, obſerve when the Star 
and the Phænomenon come to be equally diſtant from 
the Horizon, and then meaſure their Diſtance by an 
Inſtrument : This viſible Diſtance is nearly equal to 


their true Diſtance. For let the true Place of the 


Phenomenon be s; the | Parallax se is very ſmall in 
Compariſon of the Arch Ve: And therefore 4s and 
de will be very near equal; for if the Parallax 3. 


were a whole Degree, yet even then 4 and de would 


nat differ above one Minute: Therefore the Diſtance 
de being meaſured, we ſhall have their true Diſtance 
ds or D8, which is greater than DE. And if 
from DS we ſubtract D E, known by the firſt Ob- 


ſervation, there will remain S E, the Parallax; which 


was to be found, PEN 


The Third Tat Parallax of a Phenomena may likewiſe be 


Method. 


obtained by an Obſervation of its Azimuth and Al. 
titude, and by marking the Time between the Ob- 
ſervation and its Arrival at the Meridian. Let 


PlatexIx. HVPO be the Meridian, V the Vertex, P the Pole, 


Fig. bY 


HO the Horizon, and VB a vertical Circle, paſſing 
thro' the true and apparent Place; thro' which draw 
alſo Circles of Declination PSC, PE. The Arch 
of the Horizon BO is the Azimuth of the Star; 
which muſt be abſerved,; in the Manner we ſhewed 


in our laſt Lecture. Obſerve likewiſe the Arch VE, 


the Diſtance of the Phenomenan from the Vertex, 
and mark the Moment of Time when theſe Obſer- 
vations are made. Then ſtay till che Phænomenon or 


Star comes to the Meridian, and note the Moment of 


its Arrival there; which may be either done by a 
Pendulum Clock, or by an Obſervation of a Pear, 
| | ; Let 


LEUDURSS. a 


| Let the Diſtance of the Time between the firſt Ob- Lecture 
| ſervation and the ſecond of the Star's being i in the XXL 
Meridian, be converted into Degrees and Minutes of 2 
the Equator, and we ſhall have the Arch EC, 
which meaſures the Angle VP S. Therefore, in the 
Triangle VPS, we have the Side VP, the Diſtance 
of the Vertex from the Pole, and the Angles PVS 
and V PS; whereby we can fnd the Arch V'S, the 
true Diſtance of the Phenomenon from the Vertex : 2 
This being ſubtracted from the obſerved Diftance 
VE, there will remain the Parallax S E, which was 
to de found. x 
IT is here to be noted, that to reduce the Time 
into Degrees and Minutes of the A quator, the Time 
muſt be firſt reduced into Hours and Minutes of the 
Primum Mobile, or to the Time of the Revolution of 
the Heavens, which Hours are ſomewhat ſhorter than 
the Solar Hours: Or, if you keep the Solar Hours, 
8 muſt reckon for each of them 15 Degrees, 

2 Minutes, 27 Seconds, and 51 Thirds: And 
0 proportionably for the reft of of the Particles of 
Time. 

S8 urpOs E HO an Arch of the Horizon, AMA Fart 
the Meridian, in which P is the Pole, and V the Methad. 
Vertex of the Place. Suppoſe E the apparent Place 
of the Star; before the Star comes to the Meridian, PlateXIX. 
obſerve the Arch VE, its Diftance from the Vertex, Fig. 6. 
and its Azimuth E V M: Let the true Place of the 
Star be 8, its Parallax is 8 E: Mark the Time af 
the Obſervation. Again, after the Star has paſſed 
the Meridian, obſerve when it is exactly at the ſame 
Diftances from the Vertex, ſo that Ve may be equal 
to VE: And here, fince the viſible Diſtances of the 
Star from the Vertex are equal, the real Diſtances 
will be likewiſe equal, i. e. VS=Vs. Take the 
Time between the firſt and ſecond Obſervation, and 
turn it into Degrees and Minutes of the Equator, 
and we ſhall have the Angle SPs, the Half of 
which is the Angle 8 PV. Therefore, in the Tri- 
angle S VP, we have e Angle SPV, and the 
angle 8 VP, which is the Complement of the Azi- 

muth 


. 
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Lecture muth to two Right Angles ; alſo the Side VP, the 


Diſtance of the Pole and Vertex ; from them we ſhall 


; my know VS, the true Diſtance of the Star from the 
Vertex; which being ſubtracted from VE, leaves 


S E for the Parallax. 5 

THESE Practices depend upon Obſervations of 
the Azimuths; but without obſerving them the Pa- 
rallax may be known, by finding out the apparent 
and true Right Aſcenſions ; and from them, by Cal- 
culation, finding the Azimuth: For by obſerving 
the Diſtance of a Phenomenon from two known 


fixed Stars, we can compute its apparent Right Aſ- 


cenfion, according to the Method explained in Lec- 
ture XIX: Then again, when the Star comes to the 
Meridian, by the ſame Method find its Right Aſcen- 
ſion; which is the true Right Aſcenſion, or the 
Point where the Circle of Declination, paſſing thro? 
the true Place of the Star, cuts the Æquator. Know- 
ing then the apparent Right Aſcenſion of the Star 
in the Vertical VB, and the Point of the Equator 
which at the ſame Time culminates, we ſhall like- 
wiſe know the Angle VPE: Therefore, in the Tri- 


angle V PE, having the Sides VP, VE, and the 


Angle V PE, we can find the Angle P VE, which 
determines the Azimuth, But having the true Right 
Aſcenſion of the Star as was obſerved in the Meri- 
dian, and the Point of the Æquator culminating at 
the firſt Obſervation, the Diſtance between them 
will give us the Angle VPS. Therefore, in the Tri- 
angle V 8, having the two Angles VPS and SV P, 


as alſo the Side VP, we can find the Side VS, the | 


real Diſtance of the Star from the Vertex; which 
ſubtracted from VE, leaves SE, the Parallax, which 
was to be found. _ 

1 x determining the Right Aſcenſions of the Stars, 


we are not to rely too much, in ſo nice an Affair as 
the Parallax is, on a Pendulum Clock for determin- 
ing the Time; for there the Error of one Second in 


numbering being made, will produce an Error of 
Right Aſcenſion of 15 Seconds. BW : 
r Fo n, 


— 
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Fox, to obſerve the Right Aſcenſion of a Star, Lecture 
chere is no need of ſtaying till it comes to a Meri- XXI. 
dian; but it is more eaſily and certainly had by two) 
Obſervations, one made in the Eaſtern ne 
and the other in the Weſtern Side of the Heavens; 
put both muſt be made when the Star is at the ſame 
Height above the Horizon: For if we take the Diſ- 
tance of the Phænomenon from two 3 Stars, 
when it is in the Eaſtern Region, we ſhall by that 
Means find its apparent Right Aſcenſion, which is 
greater than the true, becauſe the Parallax depreſſes a 
Star more Eaſtern. Again, when the Star deſcends 
on the Weſtern Side, and comes to the ſame Height, 
let its Diſtance be likewiſe obſerved from two fixed 
Stars, and get from them its apparent Right Aſcen- 
ſion, which is juſt as much leſs than the true, as the 
former exceeded it. And therefore, if the Differences 
between the two apparent Right Aſcenſions be halved, 
and this Half be added to the leaft or ſubtracted from 
the greateſt, we ſhall have the true Right Aſcenſion, 
or the Point in the Æquator where it meets with 
the Circle of Declination paſſing through the Star, 
that is, the Point C. But from the Time of the Table 
Obſervation, we have the Point of the Equator XIX. 
which culminated at that Moment; and conſequently Fig. 5 
we have the Arch E C, and the Angle EPE 
meaſured by it: Therefore, in the Triangle VPS, 
having the Side VP, and the Angles VPS and PVS, 
we can find the Side VS, the true Diſtance of the 
Phænomenon from the Vertex; which ſubducted from 
the apparent Diſtance, there will remain S E, the Pa- 
rallax required. . ; 

THE eaſieſt and beſt Way of finding the Parallax The Sixth 
of Right Aſcenſion is by a Teleſcope, in whoſe Methed. 
Focus are four Threads, croſſing one another at half | 
Right Angles,” as we ſhewed in our XIXth Lecture. 
Directing this Teleſcope to the Star, turn it con- Table 
ſtantly round, till its apparent diurnal Motion appears XX. | + 
to be along the Thread AB; in which Poſition, the Fig *: 
Thread will repreſent a Portion of the Parallel whick 


HH the Phenomenon deſcribes; and the Thread CD, 
3513 


cutting 


1 5 11 
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Lecturecutting it at right Angles, will repreſent a horary Cir- 
XXI. cle. EOS the Time when. Bo 
way nor is ſeen in the horary Circle. The Teleſco 
, Temaining thus fixed and unmoved, obſerve the 

Time when any other Star, whoſe Right Aſcenſion 
is known, comes to the ſame. horary Circle: The 
Diſtance of Time between the Appulſe of the Phe- 
nomenon to the e and of the fixed Star 
to the ſame Circle, being turned into Degrees and 
Minutes of the Æquator, will ſhew the Difference 
of Right Aſcenſions of the Star and Phenomenon. 
Again, when the Star comes to the Meridian, obſerve 
it with the Teleſcope, and by the ſame Method find 
out its Right Aſcenſion, which will be the true one; 
and by it we ſhall have the Point of the Æquator, 
where the Circle of Declination, paſſing through the 
true Place of the Star, does cut the Æquator. Hin 
therefore the true Right Aſcenſion and the apparent, 
we have their Difference, or the Parallax of Right 
Aſcenſion. And becauſe we have the apparent Right 
Aſcenſion and the Point of the Æquator then cul». 
minating, we have the Arch of the Æquator, inter- 
cepted between them, which is the Meaſure of the 

2 Angle VPE. Therefore, in the Triangle VPE, 

. 1, we have the Sides VP, PE, and the Angle VPE, 
| whence we find the Angle PVE. From the Angle 

V PE take the Angle SPE, the Parallax of Right 
Aſcenſion, and we ſhall have the Angle VPS. Laſtly, 
in the Triangle V P'S, having the Angles VPS and 
PVS, together with the Side VP, we can from 
them find the Side VS, the true Diſtance of the Star 
from the Vertex; which being ſubducted from the 
l Diſtance, leaves the Parallax that was to be 
found. | 

The Me- Ir the Phenomenen have a proper Motion of 

thod of z its own, its Right Aſcenſion will conſtantly be 

Saar changed by this Motion, unleſs it ſhould happen 

avhen the to move in ſome Circle of Declination-; And 

Star hata therefore, Care muſt be taken to determine tho 

Proper Me- Change of Right Aſcenſion, that riſes by the Mo- 

tron of 35 tion of the Star; which is done, by n 

| | | - 
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the Right Aſcenſion of the Star, when it is in the Lecture 
Meridian; and the next Day let its Right Aſcenſion XXI. 


be in the ſame Manner obſerved. The Difference of 


theſe Right Aſcenſions will ſhew the Change that the 
Right Aſcenſion has, for the IJ 'ime between the two 
Obſervations; and from them we can find the Change 
of Right Aſcenſion, or the Motion of the Phenome- 
non along the Æquator in a Day: From this diur- 
nal Motion we can find, by proportioning the Mo- 
tion for any given Time; for Example, if the diurnal 
motion according to the Æquator be 30 Minutes, 
that is, ſuppoſe the Phenomenon advanced according 
to the ÆEquator every Day 30 Minutes; and ſuppoſe 
the Time between the Obſervation on the Eaſtern 
Side of the Heaven, and that in the Meridian, be fix 
Hours, the Motion according to the Æquator in that 


Time is 55 Minutes; let the Difference of Right 


Aſcenſion, obſerved in the Vertical and in the Me- 
ridian, be 20 Minutes, ſeven and a Half of thoſe 
Minutes are owing to the proper Motion of the Body; 
wherefore the Parallax of Right Aſcenſion is 122 
Minutes, | 
AFTER the ſame Manner, by the apparent and 
real Longitude of a Phenomenon, the Parallaxes may 
be inveſtigated. The apparent Longitude is found, 
by obſerving the Diftance of a Phenomenon from two 
fixed Stars, whole Longitudes and Latitudes are 
known, And the true Longitudes is had, by making 
the ſame Obſervations, when the Star is in the goth 
Degree of the Ecliptick, where the apparent and true 
Longitudes coincide. | 
By theſe, and the like Methods, if any Phenome- 
non has a Parallax not leſs than one Minute, it may 
be found out. In the Moon we find the Parallax very 
conſiderable, which in the Horizon amounts to about 
a Degree or more. But there are ſome particular Me- 
thods, only applicable to the Moon, by which its 
Parallax is known. | 


IN an Eclipſe of the Moon, obſerve when both its 4 Method 


Horns are in the ſame vertical Circle, and then“ 


for obſery- 


in that Moment take the Altitudes of both Horns: ar of 


S The the Moon. 
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258 ASTRONOMICAL 
Lecture The Difference of theſe two Altitudes being halved 
XXI. and added to the leaſt, or ſubtracted from the greateſt, 

| does give nearly the viſible Altitude of the Moon's 
Center : But the true Altitude is nearly equal to the 

Altitude of the Center of the Shadow at that Time. 

Now we know the Altitude of the Center of the 

Shadow, becauſe we know the Place of the Sun in 

the Ecliptick, and its Depreflion under the Horizon, 
which is equal to the Altitude of the oppoſite Point 
of the Ecliptick, in which is the Center of the Sha- 
dow. And therefore we have the true Altitude of 

the Moon, and the apparent Altitude, whoſe Dif- 

ference is the Parallax, which will therefore be 

£1 known. | | | | 
„ ., As the Diſtance of the Moon grows leſs, according 
Paral. As it recedes from its Apogeum, her Parallax muſt in 
laxes. the ſame Proportion be increaſed conſtantly, the 
| nearer ſhe comes to us. Therefore the Artiſts make 
Tables, which ſhew the horizontal Parallax for every 
Degree of its Anomaly. | 5 

The Paral- THE Methods we have given for finding the Pa- 
lax of the rallaxes, ſhew, that the Moon has a great Parallax, 
Sun not 1e and is very near us; but none of them is ſufficient 
3 for finding out the Parallax of the Sun: For that is 
Methods, fo ſmall, that the Obſervations requiſite cannot be 
made accurately enough to determine it; for an 
Error in obſerving can ſcarcely be avoided, which is 

not equal or greater than the Sun's Parallax. This 

Defect of Obſervations put the ancient A/tronomers on 
the Search of other Methods peculiar to the Sun, for 
finding out, its Parallax: But even thoſe Methods, 
though they make manifeſt the Acuteneſs and Saga- 

city of the Ancients, yet are not ſufficient in ſo nice 

and ſubtle,a Diſquiſition. However, they are uſeful 
to ſhew, 1 the Diſtance of the Sun from the Earth 

is very great in Compariſon of the Moon's Diſtance 
from the ſame : And therefore it will not be unfitting 
to explain them in this Place, | ” 

Hippar-. THe firſt Method was invented by Hipparchus, 
= ws $0 and. has been made Uſe of by Ptolemy and his Fol- 
| Parallaxof lowers, and many other A/tronomers, It depends on 


the Sun. an 


LECTURES. 2:0 | 
an Obſervation of an Eclipſe of the Moon: And the Lecture bf. 
Principles on which it is founded are, Fir, In a XXI. I 
Lunar Eclipfe the horixontal Parallax of the Sun is Ly IP 
equal to the Difference between the apparent Semi- ivy 
diameter of the Sun, and half the Angle of the Co- 1 
nical Shadow; which is eaſily made out in this . 
Manner. Let the Circle AFG repreſent the Sun, Plate XX. 90 
and D HE the Earth; let DHM be the Shadow, Fig. 3+ 1 
and DMC the half Angle of the Cone. Draw 
from the Center of the Sun the right Line 8D 
touching the Earth, and the Angle DSC is the ap- 
parent Semidiameter of the Earth, ſeen from the Sun, 
which is equal to the horizontal Parallax of the Sun; 
and the Angle ADS is the apparent Semidiameter 
of the Sun, ſeen from the Earth : The external An- 
gle ADS is equal to the two Internals DMS and 
DSM, by the 32d Prop. Elem. I, And therefore 
the Angle DSM, or DSC, is equal to the Diffe- 
rence of the Angles ADS and DMS. 2dly, Half the 
Angle-of the Cone is equal to the Difference of the 
horizontal Parallax of the Moon, and the apparent 
Semidiameter of the Shadow, ſeen from the Earth 
at the Diſtance of the Moon. For let C D E be the plate XX. 
Earth, CME the Shadow, which at the Diſtance Fig. 4. 
of the Moon being cut by a Plane, the Section will 
be the Circle FLH, whoſe Semidiameter is FG, 
and is ſeen from the Center of the Earth under the 
Angle FTG. But by the 32d Prop. Elem. I. the 
Angle CF T is equal to the two Internals F MT 
and FTM. Wherefore the Angle FMT is the 
Difference of the two Angles CF T and G T F: 

But the Angle CF T is the Angle under which the 
Semidiameter of the Earth is ſeen from the Moon, 
and this is equal to the horizontal Parallax of the 
Moon; and the Angle GT F is the apparent Semi- 
diameter of the Shadow ſeen from the Zarth's Cen- 
ter. [t is therefore evident, that the half Angle of 
the Cone is equal to the Difference of the horizontal 
Parallax of the Moon, and the apparent Semidiameter 
of the Shadow ſeen from the Earth. Wherefore, if 
to the apparent Semidiameter of the Sun there be 

| S 2 - > on 


260 ASTRONOMICAL 
Lecture added the apparent Semidiameter of the Shadow, and 
XXI. from the Sum you take away the horizontal Parallax 
of the Moen, there will remain the horizontal Paral- 
lax of the Sun; which therefore, if theſe were ac- 

+ curately known, would be likewiſe known accu- 
rately: But none of them can be ſo exactly and nicely 
obtained, as to be ſufficient for determining the Paral- 

Hippar= Jax of the Sun; for very ſmall Errors, which cannot 
_— Me- be eaſily avoided in meaſuring theſe Angles, will pro- 
d wiſuf- duce very great Errors in the Parallax ; and there 
will be a prodigious Difference in the Diſtances of 
the Syn, when drawn from theſe Parallaxes. For 
Example: Suppoſe the horizontal Parallax of the 
Adoon to be 60 15”, the Semidiameter of the Sun 16', 
and the Semidiameter of the Shadow 44 30; we 
mall conclude from thence, that the Parallax of 
the Sun was 15, and his Diſtance from the Earth 
about 13,700 Semidiameters of the Eartb. But if 
there. be an Error committed, in determining the Se- 
midiameter of the Shadow, of 12” in Defect, (and 
certainly the Semidiameter of the Shadow cannot be 
had fo preciſely, as not to be liable to ſuch an Error) 
that is, if inſtead of 44 30 we put 44 18“ for the | 
apparent Diameter of the Shadow, all the others 
remaining as before, we ſhall have the Parallax of - 
the Sun 3, and its Diſtance from the Earth almoſt 
70,000 Semidiameters of the Earth, which is five 
Fimes more than what it was by the firft Poſition. | 
But if the Fault were in Exceſs, or the Diameter of | 
the Shadow exceeded the true by 12', fo that we | 
ſhould put in 44 42”, the Parallax. would ariſe to 
275 and the Diſtance /of the Sun only 7700 of the 
Earth's Semidiameters; which is nine Times leſs 
than what it comes to by a like Error in Defect. If 
an Error in Deie& was committed of 15, which is 
ſtill but a fmall Miſtake, the San's Parallax would 
be equal to nothing, and his Diſtance infinite. 
Wherefore, ſince from ſo ſmall] Miſtakes the Paral- 
lax and Diſtance of the Sun vary ſo much, it is plain 
that the Diitance of the Sun cann be obtained by this 
— Þ. - | 
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S1nC= therefore the Angle that the Earth's Semi= Lecture 
diameter ſubtends at the Sun is ſo ſmall, that it can- XXI. 


not be determined by any Obſervation, Ariſtarchus of 
Samius, an ancient and great Philoſopher and 4/tro- Ariſtar- i 
nomer, contrived a very ingenious Way for finding chus's Me- | 
the Angle which the Semidiameter of the Moons thod for the 9 


Orbit ſubtends when ſeen from the Sun: This pk * "ol 
Angle is about fixty Times bigger than the former, 9 
ſubtended only by the Earth's Semidiameter: To 
find this Angle he lays down the following Prin- 
n - 

Id that Lecture where we explained the Phaſes 
of the Moon, we ſhewed that if a Plane paſſed 
through the Moon's Center, to which the Line join- 
ing the Sur and Moon's Center was perpendicular, 
this Plane would divide the illuminated Hemiſphere 
of the Mean from the Dark one: And therefore, if 
this Plane ſhould likewiſe paſs through the Eye of a 
Spectator on the Earth, the Moon would appear bi- 
ſeed, or like a half Circle; and a right Line, drawn 
from the Earth to the Center of the ; "9a would be 
in the Plane of Illumination, and conſequently would 
be perpendicular to the right Line which joins the 
Centers of the Sun and Moon. Let S be the Sun, TableXX, 
and T the Earth, ALqg a Quadrant of the Moon's Fig. 5. 
Orbit; and let the Line S L, drawn from the Sun, | 
touch the Orbit of the Moon in L; the Angle TLS 
will be a right Angle: And therefore, when the Moon 
is ſeen in L, it will appear biſeQed, or juſt Half a 
Circle. At the ſame Time take the Angle L TS, 
the Elongation of the Moon from the Sun, and then 
we ſhall have the Angle LS T, its Complement to a 
right Angle. But we have the Side T L, by which 
we can find the Side ST, the Diſtance of the Sun 
from the Earth, | 

Burr the difficult Point is to determine exactly Ariſtar- 
the Moment of Time when the Moon is bi ſected, chus's Me- 
or in its true Dichotomy; for there is a conſider- 2 *ſuf- 
able Space of Time both before and after the Di- 5 
chotomy, nay, even in the Quadrature, when the 
Moon will Ippear 9 or half a Circle; ſo 
| 3 that 
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Lefturethat the exact Moment of Biſection cannot be known 


XXI. 


by Obſervation, as Experience tells us; This can be 
alſo made out by the following Reaſon, Pag. 95. in 
the Lecture concerning the Phaſes of the Moon, it was 
demonſtrated, that the Diameter of the Moon was 
to the Portion of it illuſtrated by the Sun, and ſeen 


by us, as the Diameter of a Circle is to the verſed 


Sine of the Elongation of the Maon from the Sun, 
nearly: But accurately, it is as the Diameter of a 
Circle to the wer/ed Sine of the exterior Angle at 
the Moon, of the Triangle formed by Lines join- 
ing the Centers of the Sun, Earth, and Aeon, as we 
ſhewed in the Lecture, Pag. 163. concerning the 
Phaſes of Venus. Let us ſuppoſe, in the Time of 
true Dichotomy or Biſection, that the Angle LS T is 


157 and that the Semidiameter of the Lunar Orbit 


were 60 Semidiameters of the Earth ; the Diſtance of 
the Sun would in that Caſe be 13,758 of the Earth's 
Semidiameters. This being ſuppoſes, let us ima- 

ine the Moon to be in her Quadrature at ; that 
1s, let the Angle 9 TS be a right Angle, the exte- 
rior Angle of the Triangle q TS at g would be 
902. 15 whoſe verſed Sine is equal to the Radius 
and the right Sine of 15 together: Therefore, as 


the Diameter of a Circle is to the Radius + Sine 15 


ſo is the Diameter of the Moon to that Part of it 
which is illuſtrated by the Sun, and ſeen from the 
Earth, Wherefore, taking Half the Antecedents, 
and by Diviſion of Ratio, the Radius will be to the 
right Sine of 15”, as is the Semidiameter of the 
Hoon to that Exceſs, wherewith the illuminated 
Part ſeen. from the Earth is greater than Half the 
Mons Diameter. Now, the Sine of 15 is 436 
of ſuch Parts as the Radius is 100,000, and the ap- 


parent Semidiameter of the Moon is about 15: 


Say therefore, as 100,000 is to 436, ſo is 15 to a 
Fourth, which is leſs than 4”; but this is ſo ſmall 
a Quantity, that it is not in the leaſt to be perceived 


by our Senſes : And therefore the Moon, even in the 


fected Ilumination by ſuch a Quantity as is altoge- 


ures has its Illumination exceeding the bi- 
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ther imperceptible. But if the real Dichotomy or Bi- Lecture 
ſection were in the Quadrature, the Diſtance of the XXI. 
Sun would be infinite; for in that Caſe the Angles 
817 and 89 T being right, the Lines ST and 879 
would be parallel, and would not meet but at an infi- 
nite Diſtancde. | | hs | 
24ly. SUPPOSE the Elongation of the Moon from 
the Sun 899 30“: In that Cale the exterior Angle at 
the Moon is 899 45', and its verſed Sine equal to the 
Radius bating the right Sine of 15. And becauſe as 
the Radius is to the verſed Sine of the exterior Angle, 
that is, to the Radius diminiſhed by the Sine of 15“; 
ſo is the Semidiameter of the Moon to that Part of it 
which is illuſtrated and ſeen by us; then, by Divi- 
ſion of Ratio, the Radius will be to the Sine of 15, 
as is the Moons Semidiameter to that Part whereby 
the Semidiameter of the Moon is greater than the illu- 
minated Part thereof which is ſeen by us; which 
therefore (as in the former Caſe) will be ſcarce 4” : 
Now, the Moon wanting but ſo ſmall a Portion to de 
intirely biſected, will appear to us as if ſhe were really 
biſected ; ſo that its Pha/zs can in no wiſe be diſtin- - 1 
guiſhed from the true a of a Dichotomy : And 
therefore, if this apparent Phaſis ſhould be taken for 
the true Phaſis of the Dichotomy, which is Half a De- 
gree diſtant trom the Quadrature, we ſhould find the 
Diſtance of the Sun from us to be 6876 Semidiameters 
of the Earth. ET 2 | 
OBSERVATIONS ipform us, that when the 
Moon is 30 Min. diſtant from the Quadratures, it ap- 
pears biſected; and in the Quadrature its Phafts cannot 
5 perceived to be different from a biſected Phaſis: 
Nay, the Moon, obſerved with the beſt Teleſcopes, after 
it has paſt the Quadratures, appears biſected, as Ric- 
ciolus himſelf acknowledges in his Almægeſt, p. 734. 
and therefore the Moon, at leaſt for the Space of one 
Hour, appears to be biſected, in which Time any 
Moment may be taken for the true Point of the Di- 
chotomy, as well as any other: And for the infinite 
Number of Moments of Time, we ſhall have an 
| | S 4 | infinite 


— 


264. ASTRONOMICAL 
Lecture infinite Diverſity of Diſtances of the Sun from the 
coords Earth: And e the true Diſtance of the 
Fun from the Earth cannot be obtained by this Method. 
Sicc the Moment in which the true Dichotomy 
happens is uncertain, but it is certain that it happens 
before the Quadrature ; Rzccro/us takes that Point of 
Time which is in the Middle, between the Time 
that the Phaſis begins to be doubtful whether it be 
biſected or not, and the Time of Quzdrature : But 
be had done righter, if he had taken the middle Point 
between the Time when it becomes doubtful whe- 
ther the Maon's Side is concave or ſtraight, and the 
Time again when it is doubtful whether it is ſtraight 
or convex ; which Point of Time is after the Qua- 
drature: And if he had done this, he would have 
found the Sun's Diſtance a great deal more than he 
| has made it, =, | 
Tiere iu o THERE is no need to confine this Method to 
n te the Phaſis of a Dichotomy or Biſection, for it can 
confine this be as well performed when the Moon has any other 
Methed 0 Phaſis bigger or leſs than a Dichotomy : For obſerve 
of a Biſec. by 2 very good Teleſcope, with a Micrometer, the 
70. Phaſis of the Moon, that is, the Proportion of the 
illuminated Part of the Diameter to the Whole; 
and at the ſame Moment of Time take her Elon- 
ation from the Sun; The illuſtrated Part of the 
= if it be leſs than the Semidiameter, is to 
be. ſubducted from the Semidiameter ; but if it be 
| greater, the Semidiameter is to be ſubducted from it, 
int and mark the Reſidue: Then ſay, as the Semidia- 
meter of the Moon is to the Reſidue, ſo is the Radius 
, to the Sine of an Angle, which is therefore found : 
44 | This Angle added to, or ſubtracted from, a right 
| Angle, . gives the exterior Angle of the Triangle 
1 | at the Moon: But we have the Angle at the Earib, t 
i which is the Elongation obſerved ; which therefore | 
| 
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| being ſubducted from the exterior Angle, leaves the þ 
1 Angle at the Sun. And in the Triangle 8LT, | 
having all the Angles and one Side LT, we can | | 
18 find the other Side 8 T, the Diſtance of the Sun | 
q | from 


Ern Dae 
from the Earth. But it is almoſt impoſſible to deter- Lecture 
mine accurately the Quantity of the Lunar Phajis, ſo XXI. 
that there may not be an Error of a few Seconds com- A, 
mitted ; and conſequently, we cannot by this Me- 
thod find preciſely 'enough the true Diſtance of the 
Sun. However, from ſuch Obſervations, we are 
ſure, that the Sun is above 7000 Semidiameters of the 
Earth diſtant from us. Since therefore the true Diſ- De Sun's 
tance of the Sun can neither be found by Eclipſes, nor e 
by the Phaſes of the Moon, the Aftronomers are forced |, * Wn: 
to have Recourſe to the Parallaxes of the Planets that s 
are next to us, as Mars and Venus, that are ſometimes rum the 
much nearer to us than the Sun is: Their Parallaxes Parallar 
they endeavour to find by ſome of the Methods above Y Fogg Pla- 
explained: And if theſe Parallaxes were known, 
then the Parallax and Diſtance of the Sun, which 
cannot directly by any Obſervations be attained, 
would eaſily be deduced from them. For from the 
Theory of the Motions of the Earth and Planets, 
we know at any Time the Proportion of the Diſtan- 

_ ces of the Sun and Planets from us; and the horizon- 

tal Parallaxes are in a reciprocal Proportion to theſe 

Diſtances. Wherefore, knowing the Parallax of a 

Planet, we may from thence find the Parallax of the 

dun. | „ 

 Maxs, when he is in an Achronycal Poſition, that Particu- 
is, oppoſite to the Sun, is twice as near to us as the r by 

| Sun is; and therefore his Parallax will be twice as 2 is | 

great, But Venus, when ſhe is in her inferior Con- — Pak 

junction with the Sun, is four Times nearer to us 140. 

than he is, and her Parallax is greater in the ſame 

Proportion: Therefore, though the extreme Smallneſs 

of the Sun's Parallax renders it unobſervable by our 

Senſes, yet the Parallaxes of Mars or Venus, which 

are twice or four Times greater, may become ſenſible. 

The Aftronomers have bellowed much Pains in finding 

out the Parallax of Mars; but of late Mars was in 

| his Oppoſition to the Sun, and alſo in his Peribelion, 

and conſequently in his neareſt Approach to the 


Earth; And then he was moſt accurately obſerved 
| | 1 by 
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Lecture by two of the moſt eminent A/tronomers of our Age; 
XXI. who have determined his Parallax to have been 
— ſcarce 30 Seconds; from whence we can eaſily col- 
= led, that the Parallax of the Sun is ſcarce 11 Se- 
conds, and his Diſtance about 19,000 Semidiameters 
n | | 

The Paral- BY an Obſervation of the Body of Venus, ſeen 
lax of the paſſing over the Body of the Sun, which will happen 
* os in May 1761, Dr. Halley has ſhewed a Method of 
225 Venus finding the Parallax and Diſtance of the Sun to a 
in the Body great Nicety, viz, within a five hundredth Part of 
of the Sun, the whole ; and we muſt wait till then, before it can 
be determined to ſo great an Exactneſs. | 
BECAUSE the Method whereby the A4/ranomers 

foretel Eclipſes of the Sun, requires that the Moons 
Parallax both as to Longitude and Latitude ſhould be 
known by Calculation: And alſo, as often as the 

Moons Place in the Heavens is to be obſerved, that 
it may be compared to the Place found by Aſtronomi- 

cal Tables, in order to eſtabliſh her Theory, it will 

be neceſſary to reduce the true Place found by the 

Tables to her apparent Place, which cannot be done 

without the Calculation of the Parallax : It will be 
convenient to explain the Method by which the 

Moon's Parallax for any Point of Time is to be cal. 

f . culated, 8 9855 

How the FIRST, by Aftronomical Tables compute the Place 
Moon's of the Moon in the Ecliptick and her Latitude, for the 
N given Time. In the Figure, ſuppoſe H O the Ho- 
A rizon, HZ O the Meridian, Z the Vertex, E C the 
any Time Ecliptick, in which let L be the Place of the Moon, 
by Calcula- found by the Tables. And firſt, let us ſuppoſe the 
tion. Moon to be without Latitude. From the Vertex Z 
Fable xX. Jet fall upon the Ecliptick the perpendicular Zn A, 
'S: * which will be therefore a Circle of Latitude, and 
the Point » will be the goth Degree of the Eclip- 

tick. From the Time given we. have the Right 
Aſcenſion of the Sun, and his Equatorial Diſtance 

from the Meridian: From thence we ſhall find the 

Point of the Æquator culminating, which is the 

: i Right 


/ 


LEC TURES. 4567 
' Rig nt Aſcenſion of Mid-Heaven, or of that Point Lecture 
| of 125 Ecliptick which culminates: And therefore XXI. 
we know that Point which is then in the Meri- 4 
dian, as alſo the Angle Z E of the Ecliptick- and K 
the Meridian. This is either found by the Calcula- 
tion we explained in the ſpherical Doctrine, or by 
Tables of A/tronomy : By this Means we find the 
Arch EL; but we have the Arch EE, the Decli- 
nation of the Point E, and conſequentiy the Arch 
ZE will be known. Therefore in the right- angled 
Triangle Z uE, we have the Side Z E, and the 
Angle Z En. Hence we can find E and the 
Point u, or the Point of the goth Degree, and the 
Arch Z n, its Diſtance from the Vertex; whoſe 
Complement A is the Meaſure of the Angle that 
the Horizon and the Ecliptick make: And becauſe 
we have the Place of the 4:y, we muſt have the 
Arch L. Therefore in the right-angled Triangle 
Zu L, having the Sides Zu and L, we ſhall have 
from them -the Angle Z Ln, which is called the 
Parallactick Angle, as likewiſe the Side Z L, the The Paral- 
Diſtance of the Men from the Vertex. Let the lactick 
Radius be to the Sine of the Arch Z L, as the Hori- * 
zontal Parallax of the Moon taken from the Tables 
to its Parallax in L, which therefore is found. Let 
it be oL. From 9 on the Ecliptick let fall the Per- 
— n. And in the Triangle Lm (which 
eing very ſmall, may be taken for a rectilinear one) 


* 2 ,v- 2 a 0 e e 0 y—_ Bs nd . 3 id ” pre” 


| we have, beſides the right Angle, the Side Lo and 
: the Angle „LM, equal to 2 Lu; wherefore we 
ſhall find out the Arch Ln, the Parallax of Longi- 
tude, | and om, the Parallax of Latitude, which were 
to be found, —© < 
„ SUPPOSE now che Moon has tome n 
| and its Place in the Ecliptick be the Point L, but 
let it be placed in the Circle of Latitude LP at P. 
And becauſe the Angle 1 LP is right, and we have 
the Angle 2 L Z, and its Complement Z LP; in the 
Triangle ZLP we have two Sides, Z L, which 
Was folkd as and LP, the Afoor's Latitude, and 
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ASTRONOMICAL. 


Lecture the Angle Z LP, whereby we can find out the Side 


XXI. 
— 


Z P, and the Angle Z PI. Let the Radius be to 
the Sine of the Arch Z P, as the horizontal Parallax 
of the Moon to a Fourth, which will be PS: This 
will be the Parallax of the Moon in the Circle of Al. 
titude, Let gd be an Arch parallel to the Ecliptick, 
and in the ſmall Triangle P 4g, which may be taken 
as a right-angled Triangle, we have the Angle 4Pg, 
which is the Complement of the Angle ZP L to two 
right Angles, and the Side Pg: Therefore we ſhall 
have Pd the Parallax of Latitude, and g d the Paral. 
lax of Longitude : For becauſe the Latitude of the 
Aoon is but ſmall, the Arch of the Parallax dg is 
nearly equal to, the Arch of the Ecliptick which is 
correſpondent to it, | 
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LECTURE XXII. 


De 7 beory of the Annual Motion of the 


The Theo- 
res of the 
lanets 


Founded on 


EARTH. 


LY ITHERTO we have given an Ae. 
H M count of the general Affections of the 
XX 


e Planets Motions, and have explained the 
Appearances which ariſe from their Mo- 
tions and the Motions of the Earth together; 
We will now come to their particular Theo- 
ries, in which the Period of each, its Diſtance 


the Mor ion from the Sun, the Form of its Orbit, and its 


e the 
Earth. 


Poſition, are determined; which being ance * 


2 


Feg.3 
S a 
/ | Fig. 4 
T 
C 
D * 
\ 
8 


the Place of any Planet in the Zediack may be com Lecture 


nis of the Planets are founded on the Motion of the 
Eartb, and are inveſtigated by this Motion, it 
will be neceſſary to begin with the Theory of the 
W Earth. _ 
n Id our VIIth Lecture we ſnewed how the Motion 
of the Earth round the Sun was the Cauſe of the 
Appearance of the annual Motion of the Sun in the The Motion 
Fcliptick; and that the Sun, obſerved from the Earth, Ache Earth 
ſeemed to deſcribe the ſame Circle in the Heavens, mow by 
that a Spectator in the Sun would ſee the Earth really 20, nm. 
to move in. But the Place of the Earth ſeen out of of the San. 
the Sun is always diametrically oppoſite to that Point 
Jof the Ecliptick in which we on the Earth obſerve the 
dun to be placed: And therefore when the Sun appears 
to us in Y, the Earth is really in ; when he 
Wis in S, the Earth has its Manſion in . And 
therefore, from the apparent Places of the Sun, 
W which we find out by Obſervation, we can eaſily 
Wdctermine the Place of the Earth in its proper 

Orbit, | 

SINCE the Ecliptick cuts the Æquator in two 
oppoſite Points, the Sun will twice every Year ap- | 
pear in the Æquator or Equinoctial Circle; which Ye Sun 
happens when, by his apparent Motion, he arrives # tige 
at the Interſections of theſe two Circles: All the £9*7) Year 
reſt of the Year he will ſeem to decline either to 1 ** E-, 
the North or South from the Æquator; and he is Airelt. 
Wat his fartheſt Diſtance from the Æquator, when 
Whe is juſt in the Middle between the two Sec- 
tions, that is, go Degrees removed from either, and 
there the Sun does not ſeem to alter his Decli- 
nation for ſome Time; and then the Days keep the 
lame Length ; and therefore theſe Points, which are 
the firſt of S and , are called the Solftitial © 
Points, as the Interſection of the Æquator and 
Ecliptick are called the Eguinoctial Points, becauſe, 
when the Sun is ſeen in them, the Days and Nights 
are equal, 
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puted for any given Time. And becauſe the Theo- XXII. 
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270 ASTRONOMICAL 
Lecture SINCE the Sun is ſeen continually moving ja 
XXII. the Ecliptick, and every Day ſeems to advance a 
— Degree Eaſtward, he makes no Stay in the Equi. 
Days and noctial Points; but in paſſing on, in the ſame Mo- 
Nights not ment he arrives there, he leaves them: And there. 
equal but fore, though the Day the Sun enters the Equinoc- 
Saber the tial Point is called the Equinox, becauſe it is n- 

un enters . . x 
the Aqua- puted equal to the Night ; yet it is not preciſely ſo, 
ter at Mid. unleſs the Sun enters the Equator at Mid- day. For 
day. if the - riſing Sun ſhould enter the Vernal Equi- 
nox, at ſetting he will have departed from it, and 
decline Northwards about the Space of 12“; and 
therefore that Day will be ſomewhat longer than 
12 Hours, and the Night ſhorter ; but the Diffe. 
rence is ſo ſmall, that it may be neglected in this 

Matter. | | 

The Inveſ- THE Moment of Time, in which the Sun en- 
_ ters the Aquator, is found out by Obſervation, 
ie Sun *;, and from the Latitude of the Place of the Obſerver, 
pra dy For in the Equinoctial Day, or near it, with an In- 
ſtrument exactly divided into Degrees, Minutes, and 
Parts of Minutes, take the Meridian Altitude of the 
Sun e If it be equal to the Altitude of the A£quator, 
or to the Complement of the Latitude, the Sun is in 
that very Moment in the Æquator; but if it is not 
equal, take the Difference and mark it, for it will 
be the Declination of the San. Then the next Day 
again obſerve the meridional Altitude of the Sun, 
and gather from thence his Declination. If theſe 
two Declinations be of different Kinds, as the one 
South and the other ' North, the Aquinox hap- 
_ pens ſome "Time between the two Obſervations ; or 
if they be both of the ſame Sort, the Sun has either 
not entered the Æquinoctial, or has paſt it. And 
from theſe two Obſervations of the Sun's Decli- 
nation, the Moment of the Equinox is thus inveſti- 
ated. 1 | 
Table LET CAB be a Portion of the Ecliptick, 


XXI. EA an Arch of the Aquator, and let their 


Fig. 1. [Interſection be in A. Let C be the Declina- 
BE tion 


1 
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Ecliptick for one Day. In the ſpherical Triangle 
AAC, right-angled at , we have the Angle A, 
which the Equator and the Ecliptick make, which 
we ſhewed how to find out in Lecture XIX; as alſo 
CE, the Declination of the Sun, known by Obſer- 
vation, by which we ſhall find the Arch CA. And 
in the ſame Manner, in the Triangle AED the 


Side AE is found, and thence the Arch CE, which 


is the Sum or Difference of the Arches CA, AE. 


Say then, as CE is to CA, ſo is twenty-four Hours 


to the Time between the firſt Obſervation and the 


Moment of the Ingreſs of the Sun to the Aqui- 
nox. . | | 


Ir again, the next Year, the Time of the Sun's The Quan 
Entry into the Equator be obſerved in the fame 79 
Manner, the Time elapſed between the two In- y 


greſſes is the Space of a Tropical Year, or the Time 


271 
tion of the Sun at the Time of the firſt Obſerva- Lecture 


tion, ED his Declination in the ſecond Obſervation, XXII. 
the Arch CE will be the Motion of the Sun in the Cay 


wherein the Sun, or rather the Earth, completes its 


Courſe in the Ecliptick ; which is called the Tropical 
Tear, becauſe after it is finiſhed, all the Seaſons re- 


turn again in the ſame Order. But by Obſervations 


that are made at the Diſtance of a Vear, we cannot 


ſafely rely upon the true * * of the Year col- 
lected from them; for a ſmall Error of one Minute, 


being conſtantly increaſed and multiplied by the 


Number of Years, in Proceſs of Time would amount 


to a prodigious Miſtake in the Place of the Sun. 


Therefore the A/ronomers more accurately determine 
the D of the Vear, by taking the Obſervations 
of the two 
one another; and dividing the Time between the 
Obſervations, by the Number of Revolutions the 
Sun has made, the Quotient will ſhew the Time of 
one Revolution, or nearly the Period of the Earth 
in her Orbit. For by this Means, if there be any 
Miſtake made in the Obſervation, it will be divided 
into ſo many Parts, according to the Number of 
5 1 Vears, 


quinoxes at many Years Diſtance from 
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272 ASTRONOMICAL 
Lecture Years, that it will be inſenſible for the Space of one 


Year, 8 
XXII. THE Space of Time belonging to the Tropical 


"* Near, is by this Means found to conſiſt of 365 Days, 


The Ano- 5 Hours, 48 Minutes, and 57 Seconds. This Time 
— is ſomewhat leſs than the periodical Time of the Earth 
ear. in her Orbit, which is called the Anomaliſtical or 
Periodical Tear. For by reaſon of the Proceſſion of 
the Equinoxes, which was explained by us in the 
VIIIch Lecture, by which the Points of Interſection 
do conſtantly every Year move back 50 Seconds, 
and, as it were, meet the Sun; the Sun will arrive 
at the Interſection before he has completed his Courſe, 
Now, the Time of the Earth's Period or Anomal:i/tical 
Year is 365 Days, 6 Hours, 9 Minutes, and 14 
Seconds. 
The Motios I the Motion of the Earth round the Sun were 
2 5 b. equal, that is, if it deſcribed equal Angles round the 
cliptick un. Sun in equal Times, the apparent Motion of the 
equal. Sun in the Ecliptick would always be equal, and 
would proceed each Day in the Ecliptick 59 8”: 
And therefore the Place of the Sun would 1 be 
computed for any Time. But we are ſure, by Obſer- 
vation, that the apparent Motion of the Sur is not 
equal, and that he goes thro' ſome Parts of the Eclip- 
tick quicker than thro' others; and particularly in 
going thro' the Northern Semicircle of the Ecliptick, 
he ſpends near eight Days more than in paſſing over 
the Southern Semicircle ; which ought to be per- 
formed preciſely in the ſame Time, if the apparent 
Motion of the Suu were equal. Moreover, if we 
make Obſervations, and from them find out the Mo- 
tion of the Sun in the Ecliptick for each Day; in 
tome Days he will be found to move thro' the Space 
of 61 Minutes in a Day; at other Times he will 
ſcarcely be ſeen to have completed 57 Minutes. 
The daily THE daily Motion of the Sun in the Ecliptick 
Actin of is obſerved in this Manner. Let CB repreſent 


*e Sun. the Ecliptick, E Q the Æquator, whoſe com- 


mon Interſection is in A: Take with an Inſtrument 


the Meridian Altitude of the Sun; the Altitude 8 
1 | the 


ye TT TY 10 


1 lee ED © e e ED 6 eee 


* * 


cd - oa | 


the Equator in the Place of Obſervation is likewiſe Lecture 
to be Known: i The Difference of theſe two Arches XXII 
is the Declination of the Sun, which will therefore be 
known. Let G be the Place of the Sur in the Eclip- : 
tick, and F G his Declination, In the right-angled 
Triangle G F A, having the Side FG and the An- 

gle A, we ſhall find the Arch A G, the Diſtance of 

the Sun from the Equinoctial Point, or his Longitude 

and Place in the Ecliptick at the Time of the Obſer- 

vation. The next Day again obſerve the Meridian 
Altitude of the San, and find from thence his Decli- 


nation, which ſuppoſe to be ML, from which, and 


the Angle A, by the ſame Method, we ſhall find out 
the Arch MA; from which ſubtract the Arch AG, 
and we ſhall' have the Arch GM, which is paſſed 
through by the Sun in one Day. The Bigneſs of this 
Arch is mutable, according to the Place the Earth has 
T \ 5 Ra 

THE ancient Aſironomers, who allowed no Mo- The circu- 
tions in the Heavens but what were circular and lar Hypo- 
equal, that they might give an Account of this appa- 2. 
rent Inequality of the Sun's Motion, imagined that 775, 5 


the Sun moved round the Earth, or the Earth round avhich thep 


the Sun, (for it is the fame Thing which we ſup- explained 


poſe, to move or ſtand ſtill) in a circular Orbit, but % 4. 
eccentrical; that is, whoſe Center was at ſome Diſ- Peet 
tance from the Center of the Ecliptick, in which 
they placed either the Sun or the Earth; and this 

circular Orbit, they ſuppoſed, was deſcribed by an 

equal Motion: And therefore, becauſe the Center of 

the Ecliptick was at ſome Diſtance from the Center 

of Equal Motion, the Motion of either the Sun or 

Earth, ſeen from the Center of the Ecliptick, would 

appear unequal. 5 | e 
Le the Circle ꝙ 8 < VF repreſent the Eclip- Taple 
tick, in whoſe Center is the Sun. MP NA the XXI. 
Orbit of the Zarth, whoſe Center is C, diſtant from Fig. 2. 
the Center of the Ecliptick by the Line C S, which 

is called the Eccentricity. They ſuppoſed the Earth ,,,,,.:.:. 
to move in this Circle with an equal Motion: And 9, bat. 
JFC ITE. 053% 5 TR Gag therefore 
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Lecture therefore all the Angles deſcribed round the Point C 
XXII. would be proportional to the Times; and the Earth 
— ſeen from C would not appear to move flower in A 

than in P; but viewed from the Center of the Eclip- 

tick, becauſe at A it is farther diſtant than'in P, it 
would appear to deſcribe leſs Arches in equal Terms: 
And therefore, when the Zarth is in A, and a Spec- 
tator in it, obſerving the Sun in S, he will find that 
he moves flower than when the Barth is in P, and 
the Sun is ſeen in . And becauſe the Arch of the 
Circle MAN is greater than a Semicircle, and 
NPM leſs than one; it is evident that there is 
more Time required to deſcribe the Arch NAM 
and NPM. But in the Time the Earth is carried 
through the n NAM, the Sun ſeems to de- 
ſcribe the Northern Semicircle of the Ecliptick, viz. 
Tr. ; and while the Earth is moving through 
the Arch MPN, the Sun will ſeem to have gone 

through the other, or the Southern Semicircle a, 

by, Y. From hence the Reaſon is plain why the 
Sun ſtays longer in the Northern Signs than he does 

in the Southern. 6 3 

The Deter- Ur ON theſe Suppoſitions they thus determined the 

nunatians Eccentricity and Poſition of the Ape. In the ſame 

of the Ec- Year obſerve the Moments of Time wherein the Sun 

— Poſe. enters both the Equinoctial Points, viz. the Vernal 

| , 4% and Autumnal; as alſo the Place of the Sun in the 

Apſides on Ecliptick in any other intermediate Time; which 
this Suppo- ſuppoſe to be in &, the Earth being really in =, 
tion. When the Earth is in the Point of the Orbit N, the 
Sun is ſeen in the Point ; then the Earth comin 
to L, the Sun appears in K; and when it has arriv 
in M, the Sun will be obſerved in &. Draw to the 
Place of the Earth in L the right Lines SL, CL. 
Let likewiſe CM, MN, and CN be joined; and 
let CM and SL cut one another in O. By Ob- 
ſervations of the Places of the San, we have the 
Angle Y 8 N, as likewiſe its Complement to two 
right Angles & SMN. Alfo by the Diſtance of the 
Iiime between the Obſervations. we have the Arch 
I. M, or the Angle LCM, as alſo the Arch N _ 
. : theſe 


— 


DNN 


have likewiſe the Arch MPN, and the Angle MCN. 
In the Iſoſceles Triangle MCN, having the Angle 
MCN, we have likewiſe the two Angles at the 
Baſe M and N: But in the Triangle M O'S, we 
have the Angle MS O, and the Angle M: There- 
fore we have alſo the Angle M O8, and LOC, 
which is vertical and equal to it. Suppoſe LC, the 
Radius of the Eccentrick, to conſiſt of 100,000 
equal Parts, then in the Triangle LO C, having all 


the Angles, and the Side LC, we can find the Side 


OC. But we know MC, which is equal to LC; 
therefore we have MO, In the Triangle MOQS 
we have all the Angles, and one Side MO, and 
therefore we ſhall have OS. Laſtly, In the Tri- 
angle.S OC, having SO and QC, and the Angle 
SOC, which is the Complement of the Angle 
SOM to two right Angles, we ſhall find 8 C the 
Eccentricity, and the Angle OSC; to which add 


the Angle. M SO, and we ſhall have the Angle 


MSA, or the Arch vY ur; which ſhews the Po- 
ſition of the Aphelion, or its Diſtance from the Equi- 
noctial Point v. 2 | | 5 

B y. this Method the Ancients found the Eccen- 
tricity to be 3450 of ſuch Parts as the Radius of the 
Eceentrick was 100,000 ; from which they eaſily 
calculated the Motion and Place of the Sun for any 


iven Time, in the Manner following. In the Or- 


bit of the Earth, let AP be the Line of the Apſides, 
and ſuppoſe the Earth at L deſcribing its circular Or- 
bit; the Arch AL, or the Angle A C L proportional 
to the Time, will be the Earth's mean Anomaly, as 
the Arch of the Ecliptick y &, or the Angle. f 
=, is the true Anomaly. Having now the mean Ano- 
maly, we have its Sine LQ, and its Co-line CQ, 
to which add the known Eccentricity, and we ſhall 
have SQ. Say, as SQ is to LQ, ſo is the Ra- 
dius to the Tangent of an Angle, which is QS L, 
which therefore will be known. Or thus: In the 
Triangle SC L we have the Sides SC and CL, 
Fe N | and 
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theſe being proportional to the Times; therefore we Lecture 
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Lecture and the Angle SCL, the Complement of the mean 
XXII. Anomaly to two right Aggles: Therefore we can 
— find the Angle LS C, or LSA, the true Anomaly: 
For as LC + CS: CL—CS :: Tangent of half 

the Angle LCA to a Fourth, which will be the 
Tangent of half the Difference of the Angles CS L 

and CLS: And becauſe SC and CL are given 

and conſtant Quantities, the Difference of the Lo- 
carithms of CL +CS and CL—CS will be a 
conſtant Quantity; and if it be always ſubtracted 

from the Log. * of half the Angle LCA, 

we ſhall have the Log. Tangent of half the Dif- 

ference of the 15 CLS and CSL. But we 

have their Sum, and conſequently the Angle LS A 

will de known; which ſhews the Place of the Earth 

in the Ecliptick, feen from the Sun; and the Point 

oppoſite is the Place of the Sun, ſeen from the Earth. 

In the firſt half Circle of Anomaly A LP, the mean 
Anomaly A CL is greater than the true Anomaly 

ASL. For the external Angle ACL is greater 

than the internal and oppofite AS L: And if from 

the mean Anomaly ACL you take away the Angle 

CLS, there will remain the Angle LS C, the true 
Anomaly. In the ſecond Semicircle of Anomaly, the 
mean Anomaly is leſs than the true, For ſuppoſe the 

Earth in R, the mean Anomaly is the Arch APR; 

or, caſting away the Semicircle, the Arch PR, or 

the Angle PCR: But the true Anomaiy, rejectin 

the Semicirc]e, is PS R, which is equal to PC 

and CRS. Therefore if to the mean Anomaly we 

add the Angle CRS, we ſhall have the true Anomaly 
PS R, and the Place of the Earth in the Ecliptick. 
8 — CLSorCRS is called the Equation or 
Equation Praſthaphæreſis, becauſe ſometimes it is to be added, 
PEP _ ſometimes to be ſubtracted from the mean Motion, 
* wy au = may have the true Motion or Place of the 

. th. . | | 

THx1s Theory of the Ancients anſwered well 

enough to the apparent Motions of the Sun, which 

were founded on Obſervations that were not very 

8 accurately 

1 


EBF 277 {| 
accurately made. But it was evident, from Obſer- Le&ure Hh 
vations of the other Planets, that their Motions XXII | 
could not be accounted for by ſuch a Theory. And ; 
even in the Sun itſelf there is a Phænomenon, which is The Theo- 
not to be explained by the Theory of the Ancients, 77 , be 
dut clearly overturns that Theory, and proves it to ene 8 
be falſe, viz. By the moſt accurate Obſervations ve 
find, that the apparent Diameter of the Sun, when 
he is in his Apogæon, is 31 w_ W his Perigæon it 
is 32 33”, but the apparent Diameters are recipro- 
cally as the Sun's Diſtances. From whence we find, 
that the true Diſtance in the Apogæon is to the Diſ- 
tance in the Perigæon, as 1953 is to 1889, or as 
101, 661 is to 98, 339; ſo that the Eccentricity is but 
1661 of ſuch Parts, whereof the Radius of the Ec- 
centrick is 100,000. The Theory of the Ancients 
makes the Eccentricity above double of this. And 
therefore that Theory muſt be falſs, which ſuppoſes 
ſo great an Eccentricity : For if we ſhould allow but 
one Half for the Eccentricity, that would better an- 
ſwer to the apparent Diameters of the Sun, when 
they are nicely obſerved : But then, on the other 
Hand, fo ſmall an Eccentricity would not account for 
the Inequalities of the Sun's Motion, making the 
Center of the Eccentrick the Center of the Middle 
Motion ; for by computing, we find the Equations or 
Proſthaphæreſes twice as great as what they would 
amount to with half only of the Eccentricity of the 
Ancients: And therefore it is plain, that this Theory 
of the Ancients muſt be falſe. | 

THE ſagacious Kepler obſerving this, ſhewed that Kepler's 
the Eccentricity was indeed to be biſected; but fo, Cor ractien 
that the Center of the Eccentrick was in D, in the it. 
middle Point between the Sun and the Point C; 
from which C, if the Motion of the Earth were 
viewed, it would appear equal. This Point C, which 
was diſtant from the Center of the Eccentrick by half 
the Eccentricity of the Ancients, was called the 
Center of the middle Motion; becauſe from it the 
Motien of the Earth would always be ſeen in a 
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XXII. 


ASTRONOMICAT, 


Lecture mean Motion between its quick and ſlow Progreſs i 
the Ecliptick. 3 | 


IT is true, Copernicus, and many other A/tronomers, 
thought it abſurd to ſuppoſe the Earth carried in a 
Circle, whoſe Center was not the Center of the equal 
Motion; for then the Earth's Motion muſt not only 


de in Appearance, but really in itſelf unequal ; and 


in ſome Parts' of the Periphery of its Orbit it would 
move faſter, in other flower, contrary to their eſta. 
bliſhed Maxim, of having all the Motions perfectly 
uniform. — e 
Bur Kepler, when he had demonſtrated that Mars, 
and the other Planets, were not carried round the 
Sun in circular, but in elliptical Orbits; and that the 
Sun was in one of the Foci of thoſe Ellipſes; and 


that the Planets, in moving round him, did fo regulate 


Were are 
0 Centers 
of middle 
Motion. 


their Motions, that a Line or Ray drawn from the 
Sun to the Planet, did ſweep an Elliptick Area or 
Space, always proportional to the Time the Planet 
moved, he thought it but reaſonable to ſuppoſe the 
Earth, in turning round the Sun, ſhould obſerve the 


ſame Law, and carried likewiſe in an Elliptick 


Orbit, This Theory anſwers exactly to all Appear- 
ances ;* but it follows from it, that there are no Cen- 
ters of equal or middle Motion, from which the Pla- 
nets can be ſeen to deſcribe Angles proportional to the 
Times. And therefore many Aſtronomers, {till ad- 
hering to the Opinion that there were Centers of equal 
Motion, rejected this Theory of Kep/er's, but for all 
that they retained the elliptick Form of the planetary 
Orbits. And becauſe in the Axis of an Ellipſe there 
are two Points equally diſtant from the Center, which 


are called the Foc, in one of which they, with Kepler, 


placed the Sun; the other, which was diſtant from 
the Sum the double of the Eccentricity, they imagined 
to be the Center of equal Motion, and round it they 
ſuppoſed the Planets to deſcribe Angles proportional 
to the Times; which, indeed, in Ellipſes, that are 
not very eccentrical, is nearly true, as Kepler himſelf 
acknowledges, and we ſhall hereafter demonſtrate, 

| : 1 | This 


D\ECTIORR $3. - 279 
This Hypotheſis they liked the better, becauſe there Lecture 
| etrical Method in the Theory XXII. 


was no direct or 1 
of Kepler, to find out the true Anomaly from the 

mean; which, by the other Theory, they could 

eaſily find. Upon the Account of this Deficiency of 

Method, many. A/ronomers objected to Kepler ayiups- Kepler 

renciar, or want of Geometry in his Theory; and reject- —_ 

ing it, went upon other Hypotheſes, which did — —— tg 

ſo well agree with the true Laws of Nature, and they zrica;. 

feigned, that in each Orbit there was a certain Point 

for the Center of equal Motion, round which the Pla- 

nets deſcribed Angles proportional to the Times: But 

ſince the Theory of Kepler is that which does really 

obtain, and only has Place in Nature; and all Obfer- .._ * 

_ vations declare, that the Planets do really regulate their 

Motion by its Laws; it is not to be rejected upon the 

Account of a Want in Geometry, nor is the Fault to 

be laid upon the Theory, which is rather to be imput - 

ed to the Unſkilfulneſs of the Afronamers in Geometry. ' 

We therefore, that we may remove this Blemiſh of 

want of Geom for the future, in the following 

Lecture will ſhew a direct Method of finding the true 
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28e ASTRONOMICAL 
LECT U K K XXII. 


Of the Motion of a Planet in an Elli 258, 
and the Solution of Kepler's Problem about 
_ the ee 2 b Elliptick Area. 


HE Great Kepler was the firſt who de- 
monſtrated, that the Planets did not 
ys move in circular Orbits, but that they 
Ne were carried round the Sun in elliptical 
ones; all which had one common Focus, 
in — 2 the Sun reſided: And that the Planets in | 
their Motions n{tantly. obſerved. a certain Law, viz. 
that a Ray wy From reaching from the Sun to the 
Planet, did fweep elliptical SPaces that Were propor- 
tional to the. Times. 5 f 
By Kep- THis admirable and 2 | tk "of. the 
ler: Theo- ſagacious Kepler, was owing to the exact Obſerva- 
1 tions of Tycho Brabe; and is ſo much more to be 
valued, for that by the Help of it, the moſt incom- 


1 þ ++ parable Philoſopher Sir Jſaac Newton diſcovered the 
the 22 univerſal Laws of Motion, the Syſtem of the Uni- 


Cauſes verſe, and the whole Body of the Celeſtial Philo- 
os 1 2 ſophy, which was intirely unknown before. Kep- 
The Pro. ler alſo demonſtrated, from Obſervations of the 

ion of Motions, that in all the Planets their periodical 
the Planets Times were in a ſeſquiplicate Proportion of their 
22 _ mean Diſtances from the Sun, or of the greater 
their Dif- Axis of the Ellipſes, which are equal to twice 
tances the mean Diſtances; that is, the Squares of the 

out periodical Times are conſtantly as the Cubes of 
by Kepler. the greater Axes: And- therefore, if in two dif- 
| _— Ellipſes the greater Axes be called A, a, 


their 
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their —— ical Times T and t; then we ſhall Lecture 
have their Analogy T“. 8* 2: A® ; 45, and T:: XXIII. 
| A: at. - key | | | | — 
HENCE it follows, that in different Ellipſes, the | 
Areas, deſcribed by two Planets in the ſame Time, 
are in fubduplicate Proportion of the Parame- 
ters or Latera recta of Ellipſes; which I thus 
rove. It is known, from the Property of the 
Ellipfe, that its Area is as the Rectangle under 
the two Axes of it; that is, if the two Axes 
of the greater Ellipſe be called A and M, and the 
two Axes of the ſmaller Ellipſe be called @ and 
n; the Area of the greater Ellipſe will be to the 
Area of the leſſer, as AxM is to a x m. And 7 
therefore, when we are ſpeaking of the Proportion 
of the Areas, we may put theſe Rectangles in- 
ſtead of the Areas. In the greater Ellipſe call The Areas 
the Area defcribed in a given Time X, the Area4/r:bed 
deſcribed in the leſſer Ellipſe in the fame Time , ane 
x, and the Time given in which they are de- fubduphe 
ſcribed y; the Latera rea of the Ellipſes call cate Pro- 
L and /, the periodical Times T and ft. From portion of 
the Theory above explained it follows, that X OT 
AxM::y:T; alſo that 4 & n 4 : f. mp. 
And therefore, by Equality of Proportion, it will 5 
be X X 4 Nm: * N AN M:: t: T:: A. But 
ſince the leſſer Axis is a mean Proportional between 
the greater Axis and the Latus rectum, M will 


be = Al X Lz, and m = * X E: And therefore 
23 "Oe. 1 

X xa*lI*: * * AL:: *: Ar. And therefore 

XX Ha X LI :: 1 1; that is, in Proportion of 

Equality: And therefore X: x :: L*: 1. And 

therefore, in different Ellipſes, the Areas deſcribed 


in the ſame Time, are as the ſquare Roots of their 
Latera recta. | | | 7 
SINCE therefore the Law, by which the Planets 
regulate their Motions, is the equal or uniform De- 
EY | ſcription 
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Lecture 
XXIII. 


Dye Veloci- 
city every 
here re- 
ciprocal to 
the Squares 
of their 
Diflances. 


ASTRONOMICAL 


ſeription of the Areas, it is impoſſible that the Pla- 
nets can every Where move. with the ſame uniform 
Velocity, but it muſt conſtantly be changed: So that 
going from the Perihelion to the {phelion, hep muſt 
conſtantly flacken their Pace; but as they deſcend 
from the Apbelian to the Peribelian, they muſt again 
quicken their Motions: And in the Apbelion they 
have the ſloweſt, in the Perihelion the quickeſt Mo. 
tion: And the Velocity will be every > 92 ag 4s 


. cally as a Perpendicular that falls upon a Right Line 


Plate 
XXI. 


Fig. 3. 


paſſing through the Planet and touching the Orbit. 
Let DAF be an Ellipſe, whoſe Focus is S; and ſup- 
poſe the Arches AB, 45 thereof to be gone over by 
the Planet in equal Times that are exceeding ſmall, 
the Triangles SAB and S5 will be equal; for they 
are the Areas that the carrying Ray deſcribes in — 


1 


£ 


Times. From the Focus S let fall on the Tangents 


Theo- 
rem to de- 
termine the 
Propertion 
Ss Velo- 
city. 
Table 
XXV. 


Fig. 7. 


the Perpendiculars SP, Sp, and the Triangle SAR. 
will be equal to 5 SPx AB: So likewiſe the Tri- 
angle S ab will be equal to ;Sp x ab: And there. 
fore SP:Sp :; ab; AB: But AB and 4b, ſince 
they are Lines deſcribed in the ſame Time, are as the 
Velocities : Wherefore the Velocity in A is to the 
Velocity in a, as Sp is to S P, 3 
Mr. De Moivre, in the Philoſophical Tranſactiont, 
Ne 352, has likewiſe demonſtrated the two following 
Theorems concerning the Elliptick Motion. 


LET AP B be the elliptick Orbit, iz which ſup» 
oſe a Planet to nove round the Sun in the Focus S. 
Let C be the Center. of the Ellipſe, CB half the greater 
Axis, C D half the leſſer, and F the other Focus, The 
Planet being in P, draw the right Lines SP, FP; 
then the Velocity of the Planet in P, will be to the Velo- 
city in its mean Diſtance 8 D, in a ſubduplicate Propor- 
tion of its Diflance FP from the Focus E, to its Diſ-' 
tance S P from the Focus S. 7 
Leer the right Line EP G touch the Ellipfe in 
P, and from each of the Foc; on the Tangent let * : 
Sire | | h the 
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the Perpendiculars SE, FG; and let SH be a Lecture 
Perpendicular on the Tangent DH. The Velo- XXIII. 
city in P is, as we have ſhewed, to the Velocity aus. 
in D, as SH is to SE: And therefore the Square | 
of the Velocity in P is to the Square of the Ve- 
locity in D, as SH ſquare or C D ſquare to SE 
ſquare; that is, by the Nature of the Ellipſe (be- 
cauſe C D ſquare is equal toSE x FG) as SE x 
FG is to SE ſquare, or as FG toS E. But be- 
cauſe of the equiangular Triangles, F G is to SE, 
as FP is to SP: Wherefore the Square of the 
Velocity in P, is to the Square of the Velocity in 
D, as FP is to SP: And conſequently, the Velocity 
in P, is to the Velocity in D, as V FP is to SP; 
which was to be demonſtrated. | e 


THEOREM IL 


THE Radius is to the Sine of the Angle 
SPE as VSP FP to CD. For SP Square is to 
SFXEF SF: FP: SK: FO SE livers 
SExFG :: SE ſquare, : CD ſquare. And by Al- 
ternation of Proportion, S P ſquare : SE ſquare:: 

SP x FP: CD ſquare: And therefore SP: S E:: 

 V SPxFP; CD: But SP: SE:: Radius to 
the Sine of the Angle SP E. Therefore as the 

Radius is to the Sine of the Angle SPE, ſo is 
SSPxFP to CD; which was to be demon- 
ſtrated, 

Ws have already ſhewed the Proportion by which 7% angu- 
the abſolute Velocity increaſes or decreaſes: But we lar Velocity 
have another Theorem for determining the angular 47 the Sun 
Velocity, or the Angle which a Planet, ſeen from 5 . 
the Sur, will appear to deſcribe in a ſmall Particle ei- Bi. 
of Time: For it is every where reciprocally in a tances reci- 
duplicate Proportion of the Diſtance from the Sun; procalye 
which I thus demonſtrate. At the Center 8, at the Plate 


Diſtances S B, S3, deſcribe the ſmall Arches B E, Fig. 3. 


be, where AB, a6 are the ſmall elliptick Arches. 
1 5 deſcribed 
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Lecture deſcribed in equal Times: In S B take S equal to 
TIT. S 5, and draw the ſmall Arch m 3 angular 
[ V clocity in b is to the angular Velocity in B, as the 
Arch — is to the — n But tins Phoportion of 
be to mn is EY of the Proportion of þ + 

to BE, and of BE to m | And becauſe the Tri- 

angles BS A and 5S à are equal, 5 e will be to BE; 

asSB is to Sh And becauſe the Arches BE and 

mx are ſimilar, BE is to mu likewiſe, as SB to 

S n, or as SB to 8: Wherefore the Proportion of 

be to mn is compounded of. the Proportion of SB to 

Sb, and again of SB to 85; that is, the angular 
Velocity at 4 is to the angular Velocity at B, as the 

Square of 8 B is to the Square of S 5, that is, reci- 

procally as the Squares of the Diſtances. 

The Angu- BUT to explain more clearly the Inequality of 
lar Velocity the Planets Motions and the various Increaſe and 
of a Planet Decreaſe of their angular Velocities, it will be re- 
_— quiſite to compare their Motions in different Points 
gualVeleci- of their Orbit, with an equal and uniform Motion 
ty of @ Bo- of a Body moving in a Circle, Let therefore the 
dy moving Ellipſe AE BF be the Orbit of a Planet in whoſe 
8 Focus is the Sun S. Its greater Axis AB, and leſſer 


XXII. OQ. At the Center S&S and Diſtance SE, which 


Fig. 4. is a mean Proportional between AK and O E, the 
two Semiaxes, deſcribe the Circle CE GF. The 
Area of this Circle will be equal to the Area of the 
Ellipſe, as it is eaſily to be demonſtrated from the 
Nature of the Ellipſe: And let us ſuppoſe a Point to 
move with an uniform or equal Motion through the 
Periphery CE GF, in the ſame Time that the 
Planet deſcribed- the Ellipfe : And when the Planet 
is in its Aphelion A, let the circulating Point be in 
C, in the Line of the Apis. The Motion of this 
Point will repreſent the equal or middle Motion of 
the Planet, and the Point wilt deſcribe round 8 Areas 
or Sectors of Circles, which are proportional to the 
Times, and equal to the elliptiek Areas the Planet 
at the ſame Time deſeribes. Let now the equal 
Motion, or the Angle round 8, proportional - the 

0 ä ö ime, 
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Time, be CSM; and take che Area AS P, equal to Lecture 


the Sector CSM ; and then the Place of the Planet in X XIII. 


— 


its own Orbit will be P, and the Angle MS D, the 


Difference between the true Motion of the Planet 


in its mean Motion, is the Equation or Prefthaphe= _ 
res: And the Area AC DP will be equal to the 
Sector DS M, and conſequently, proportional to 
the Projth 9 3 and confequently, where this 

Area is biggeſt there the Preſthaphæreſis, or the Equa- The Area 


tion, will be biggeſt : But the Area is biggeſt in the Proportion 


Point E, where the Circle and the Elliple cut each $,27* 
other, For when the Planet deſcends further to R; phæreſis. 
the Equation becomes proportional to the Difference Where the 
of the Areas ACE and m E R, or to the Area Equatian 
GBRm. For when the Planet is in R, let V be the © g7eatehe 
Place of the Point moving uniformly in the Circle, | 
the Sector C S V will de equal to the Elliptick Area 
ASR: And taking away the common Spaces, the 
Area ACE lefs the Area RE is equal to the See- 
tor VS m, or to the Equation. » 

In the Perihelion the equal Motion and the true 
Motion of the Planet coincide ; for the Semicircle 
CEG is equal to the Semi-ellipſe AE B. But after 
the Planet departs from the Peribelion B, its Motion 
is conſtantly quicker, and it goes before the Point, 
moving equally with the mean Motion. For let the 
Angle GS Z be proportional to the Lime, take the 


Area BS V, equal to the Sector GSZ, and Y 


will de the Place of the Planet in its Orbit; and the 
Angle BS Y will be greater than the Angle G SZ; 
and the Area GBV L will be equal to the Sector 


28 L, whoſe Angle is the Equatien : And where 


the Area GBYL is greateſt, there the Equation 
is the greateſt ; that is, in the Point F, where the 
Circle and Ellipfe cut one another. In A the Velo- Here the 
city of the Planet is the leaſt of all, becauſe the Dif. 7{ci9 of 
tance 8 A is the greateſt; from thence the Planet %. 
deſcending to its Perihelion, its Velocity will con- 

ſtantly increaſe; but it will fill be leſs than the 

mean Velocity, till it comes to E, the Interſection 
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Lecture 
XXIII. 


Where its 
Velocity is 
equal to the 
mean. 


ASTRONOMICAL 
of the Ellipſe and Circle: And there its Velocity be. 
comes Juſt equal to the mean; which J thus prove, 
When the Planet is in E, let the Point going with 
the equal or mean Velocity be in m, and the Areas 
deſcribed round 8, in the ſame infinitely ſmall Time, 
be SE, and the Sector i S m, Which will be equal. 
And therefore h E x Es is equal to i m x ms And 
therefore, becauſe 8 m and SE are equal, h E and 


tim muſt be equal; and the Angle zS E will be equal 

to the Angle iS m. At the Point therefore E, the 
angular Velocity of the Planet, is equal to its mean 
Velocity; the Planet going from E, and approaching 
ſtill nearer to its Perihelion, the Velocity grows big- 


Mere the 
Velocity is 
greateſt. 


ger than the mean Velocity; and its Diſtance from 
the Sun being conſtantly decreaſing, the Velocity will 
continually increaſe, till it comes to the Peribelian, 
where it is the greateſt of all, becauſe the Diſtance 
SB is the leaſt of all. The Planet departing from 
thence, and aſcending to the Aphelion, it leaves the 
Point, which proceeds conſtantly with the middle 
Motion behind it; but as it goes farther off from the 
San, its Velocity decreaſes, | but is ſtill bigger than 


the mean Velocity, till it comes to F, the Point of 


Interſection of the Ellipſe and the Circle, where the 
Planet's angular Velocity is again equal to the mean 
angular Velocity; and when it has paſſed that Point, 
its Velocity becomes leſs than the mean, and con- 
ſtantly diminiſhes till it arrives at the Aphelion, where 
it is the leaſt of all; its Diſtance from the Sun being 
then greateſt of all. r 

- SINCE therefore each Planet in different Parts 
of its Orbit has different degrees of Velocities, and 


the only Equality which is obſerved in its Circulation 


round the Sun, is the equal Deſcription or Increaſe 


of the elliptick Area, which grows bigger uniformly 
with the Time; to determine the Place- of a Planet 


in its Orbit at any given Time, we muſt take an 


elliptick Area that is proportional to the Time. And 


to do this, it is neceſſary to ſolve the following Pro- 
Alm. Fees rms; ang 
25 | 70 K E P- 


. 


' KEPLERs PROBLEM | 
: To find the Poſition of a Right Line, which _ 4 
l Hing through one of the Foci of an [i 
Ellipje, ſhall cut off an Area deſertbed |. 
. whole Area of the Ellipſe in a given Pro- | 1 
43 Ko —— 1 
THEE ; £9 O37 V1. 3 nen _ $0155313 nA | 3 
Ir the Ellipe be AP B, whoſe Focus is 8. I Lecture 9 
n muſt find the Poſition of the Right Line S8 P, XXIII. # 
I which cuts off the trilineal Area ASP, to which the A, — 
„ whole Area of the Ellipſe has the ſame Proportion Table | 1 
e that the periodical. Time of the Planet has to any XXI. B 
m | other given Time; which Poſition being found, we Fig. 5+ 1 
* . ſhall have the Place the Planet is in at the given 3 
le Point of Time. Or let AQ B be a Semicircle, de- al 
ne ſeribed on the greateſt Axis of the Ellipſis; we muſt - [! 
an draw from S the Line SQ, which ſhall cut off the j 
of Area ASQ, to which the Area of the whole Circle i 
he is in the above-mentioned Proportion. For by ſuch 9 
an a Section of a Circle, the Section of the Ellipſe is } 
It, eaſily found out, by letting fall from the Point | 
n- a Perpendicular on the Axis AB; which will cut 1 
ere the Ellipſe in the Point P required, to which draw 1 
ag the Line SP, and it will be the Right Line which " 

divides the Area of the Ellipſe. in the given Propor- | 
rts tion, fo that P will be the Place of the Planet: For 


nd the elliptick Segment APH is to the circular Seg- 
on ment AQ H, as HP is to HQ; that is, as the 
aſe Area of the whole Ellipſe is to the Area of the whole 
aly Circle, as is known from the Nature of the Ellipſe ; 
net But the Triangle SPH is to the Triangle SQ H, 
an in the very ſame Proportion, by Prop. 1. El. VI. 
.nd And therefore, by Prop. 12. El. V. the elliptick 
ro- Area ASP is to the circular Area ASQ, as the 
= Area of the whole Ellipſe is to the whole Circle: 
P- | | | And, 


288 


ecture And, by Alternation, the Area ASP is to the whole 
XXIII. 


WY Ie 


. every Degree of the Semicircle 
ſearch from the Arch AQ, which he called the 


The Ano- 
maly of 
the Ec- 
centrick. 


ASTRONOMICAL 


Ellipſis, as the Area ASQ is to: the Circle. Hence, 
if we have a Method of drawing through S a Line 
which will cut the Area of the Circle jn a given Pro- 
portion, it will be eaſy to cut the Area of the Ellipfe 
in the ſame Proportion. ved 
 KEPLER, who firſt propoſed the Problem, knew 
no direct Method of computing the Planet's Place 
from the Time; and expreſsly tells us, that there was 
no direct Way of finding, from the Time given, the 
true Anomaly of the Planet, or its Place jn its Orbit, 
And therefore he found it neceſſary to go through 
QB; and to 


Anomaly of the Eccentrick, the Time which was ex- 
preſſed by the Area AS Q, which is proportional to 
the mean Anomaly; as alfo the Angle ASP, which 
gives the true Place and true Anomaly of the Planet, 
which he computed by Calculation. And therefore, 
becauſe he could not directly and geometrically ſolve 
the Problem, ſome Aſtronomers objected to him an 


_ @yewurirpncias, or want of Geometry; and that he was 


o fond of phyſical Cauſes, that he had departed from 
Geometry; and they blamed his Aſtronomy, as not 
being geometrical, fince it was. founded on ſuch a 
Theory. And therefore, that they might eſcape 
the committing of ſuch. a Fault, they went u 

other Hypotheſes, and feigned a Point round which 
the Planet's Motion ſhould be equal, or the Angles 
proportional to the Times: And from thence, the 
mean Anomaly n they calculated the 
true Place of the et. But the Calculations 
founded on theſe Hypotheſes, were found not to 


anſwer Obſervations: For there is really no fixed 


Point which is the Center of equal Motion, round 


which the Planets deſcribe Angles proportional 
to the Times; and the only Theory, that an- 
ſwers all Obſervations, is that above explained of 
Kepler. And, therefore, the Afronomers muſt now 
for ever embrace this Theory of Kepler, ſince it 

| ; . not 


1al 


| Thro' the Place of the Planet imagine a Perpendicu- Fig. 6. 


Line SF, when the Motion is from the Aphelion to 


Line 87. Hence, if we take the Arch AN or BA 
proportional to the Time, AQ + SF will be equal 
to AN, or Bq<Sf=Bn; for then AN and 


it the Arch QN 


LBCTURES 2389 
not only agrees perfectly with the Motions of the Lecture 
Heavens, but alſo lays moſt 5 open the Cauſe XXIII. | 


and Source of all thoſe Motions. Kepler himſelf va 1 
lued this Theory ſo much, that he choſe rather to 1 


take up with an indirect Method of Calculation, than f 


contrive another Hypotheſis that was not agreeable to 
the Nature of Things; and for this the ableſt Judges 
were not diſpleaſed with him. Therefore to take away 
this Blemiſh of want of Geometry out of our A/trone- 
ny, vie will here ſhew a direct Method by which the 
Area of an Ellipſe, or of a Circle, which is equiva» 
lent, may be cut in a given Proportion. | 
LET AQ be a Semicircle whoſe Diameter is the 
as; Axis of the Ellipſe, its Center C, and S the 


ocus of the Ellipſe, in which the Sun is placed, Table 


XXI 


lar QH to be drawn to the Axis, meeting with the 
Circle in Q : Then the Area ASQ. will be to the 
whole Circle as the given Time is to the periodical 
Time of the Planet. Draw CQ, and from 8 let 
fall upon it, produced if required, the Perpendicular 
SF: The Area ASQ is equal to the Sector ACQ. 
and the Triangle Q.SC ; that is, equal Z QC x 

AQ++:QC x SF. And therefore, becauſe. QC 

1s a conſtant Quantity, the Area ASQ will be al- 
ways proportionable to the Arch AQ. + the right 


the Perihelion : But when the Planet aſcends from the 
Perihelion to the Aphelion, the Area B S9 is equal to 
the Sector B C/ = Triangle CSg: And therefore 
it will be proportional to the Arch B g = the right 


oy will be proportional to the Areas ASQ and 

8 9. 5 
HENCE, if we have the Arch A Q, and add to 
which is equal to the right Line 
dF; the Arch A N will be proportional to the Time, 
or equal to 'the mean Anomaly of the Planet; and 
| there- 
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ASTRONOMICAL 


LeKturetherefore, if we have the true Sch of a Planet, 


III. we may eaſily find the mean, or the 
de be to d 


ime, For let 
C as 57,29578 (which Number ex- 
preſſes the Length of an Arch in Degrees and Parts 
of a Degree that is equal to the Radius) to a fourth 
Number; and we ſhall have an Arch equal to 8 C 
in Degrees and decimal Parts. Call this Arch B; 
and becauſe SC is to SF, as the Radius is to the Sine 


of the Angle SCF or ACQ,, fay, as the Radius is 


to the Sine of ACQ, ſo is the Arch B to a F ourth; 
and then we ſhall have, in Degrees and decimal 


Parts, an Arch in the Periphery A Q B, which is 


equal to the right Line SF: And becauſe SF is 
equal to Q N, we have the Arch Q N, and alſo the 
Arch A N, which is proportional to the Time. 
LE us explain this by Examples in the Orbit 
of Mars. The Eccentricity of this Orbit is to its 
mean Diſtance as 14100 is to 152369, And there- 
fore the Logarithm of the Arch B, which is equal 
to SC, is 0,7244446: And therefore, if we would 
have the mean Anomaly, when the Anomaly of the 


- Eccentrick is one Degree, add the Log. Sine of one 


Degree to the Log. of B, the Sum is 8,9662999. 
This being the Log. of the Number 0,092533, ex- 
preſſes the Length of the Arch Q N in decimal Parts 
of a Degree. And therefore the Arch AN, or the 
mean Anomaly, is 1,092533, or 1? 5* 33“. In like 
Manner, if the Anomaly of the Eccentrick be 30%, 
to its Log. Sine add the conſtant Log. of B, and the 
Sum will be 0,4234146, which is the Log. of the 
Number 2,651; and therefore the mean Anomaly AN 
anſwering to 30 Degrees of the eccentrick Anomaly, 
is 32,051, or 32“ 39' 3. This Method is much 
quicker and eaſter than that which Kepler gives; 
where, by an indirect Method, and the Rule of Falſe 
Poſition, he ſhews how to compute the true Anoma!z 
from the mean. 5 ̃ | 
LET us now come to the Method I promiſed, 
of directly finding the true Anomaly from the 
mean, In the Figure, let the Arch AN be the 
mean Angmaly, or proportional to the Time ; 


LECTURES. 


AQ the Anomaly of the Eccentrick which is to Lecture 
be found. Call the Arch NQ y, and the Sine of XXIII. 


AN call e, and Co-fine 7; and let the Eccentricity 
S C beg. The Sine of the Arch A Q is equal to the 
Sine of the Arch AN=NQ, equal to the Sine of 
the Arch AN —y, But we have demonſtrated, 
in the Elements of Trigonometry, that if the Sine 
of the Arch AN be e, the Sign of the Arch 


aa : Fo aff ft 
AN—y, or of AQ, will be ENT ni, 1. 2.3 


. ˖ * 
1.2.3.4 &c. But the Radius, which is 1, is to 


the Sine of the Arch AQ, as SC org is to SF or 
NQ that is, to 7 And therefore y = g — 


„ „ "WP oat 
1.2 1.2.3 # 1. 2. 3. 4 p 
£35 T9. a0 One 
—_— = ae - 1-2-3; + lb 


\&c, Let ge E, and 1 + fg call a; — =, 


. And therefore we 


1.2.3 | 1.2. 3. 4 
de in this Form, 2 =ay + b y* — c y* + d y* &Cc. 


6 232 + ac 
5 X VT 


we have y 3 7 

c — 2, p" + — * 2+, &c. But becauſe 
ES 2 | | 2 

5 * and d = * we ſhall have y =— 
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za 2 24 
greater than 90 Degrees, and leſs than 270, then ge 
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| 6 2 23 e 
then a = 1 /, and Y = —— — G; 
a 2a? a* 


This Series expreſſes the Arch Q N, the Parts 
whereof the Radius is 100000 : But to have it in 
Degrees, and Parts of a Degree, ſay, as the Radius 
is to this Series, ſo is 57,29578, which are the De- 
grees of an Arch equal to the Radius, to a Fourth 
conſequently, ſince the Radius is Unity, if we mul- 


_ tiply the Series by 57,29578, which Number call 
R, we fhall have the Arch y in Degrees and decimal 


— 


RE RZ Rex? 
Parts a &e. The very firſt 
R ⁊ | 


Term of this Series is ſufficient to determine the 


po 
\ Anomaly of the Eccentrick in almoſt all the Planets, 


nearly enough. For in Mars, the Error ſeldom ex- 
ceeds the 200th Part of a Degree; in the Earth it is 
leſs than the 10000th Part of a Degree. But it will 
be beſt to ſhew the Uſe of this Method by Ex- 
amples. 3 „ 
I the Zart}'s Orbit the Eccentrieity is o, 61697, 
when the mean Diſtance CQ is x. Suppoſe we are 
to find the Anomaly of the Eccentrick, and the equa- 
ted Anomaly when the mean Anomaly is 30 Degrees, 


The Log. of Eecentricity is — 3, 228 1436 
The Log. Sine of 0 . — 9,6989700 
The Log. of K — — — 1,7581226 


The Log. of Rz — 3 9,68 52 362 
The Log. of à ſubtract 0, 063137 


—ů— 


The Log; of the Archy — 9,6789225 


To which anſwers the Number 0,47744, or, in 
ſexageſimal Numbers, 28 38“: The reſt of ths 
Terms do not amount to the 10000th Part of a 


Degree, and may therefore be neglected. If there- 
fore from 30 Degrees we deduct 28“ 38”, we ſhalt 
EO 2 „ have 


IL E C. TURN AKS. 


have the Arch AQ 282 31 22”. In the Triangle Lecture | 
CS, we have the Sides Q C, C'S, arid the An- XXIII. i 
gle SCQ: Wherefore we ſhall have the An le — 4 
| 


O SC. The Analogy is QC + CS, or A 
QC =— CS, or BS :: Tangent CE ut EQS: 


Tangent of © —.— . Therefore, if ie the 


Tangent of half the Angle A C Q we ſubtrat a 
conſtant Log, 0,0146893, we ſhall have the Tan- 
gent of an Angle, which, added to half the Angle 
ACQ, gives the Angle CS, or ASQ, which, 


in the preſent Caſe, is 29% 3 7”. But to find the Plate 


Angle A SP, we muſt diminiſh the Tangent of the . 
ig. 5. 


Angle AS "a in the Proportion of the bigger Axis 
of the Ellipſe, to its leſſer. Therefore, from the 
logarithmick Tangent of AS Q, take away the con- 
ſtant Log. o, 000622, which is the Log. of the 
Ratio of the greater Axis to the leſs, and we ſhall 
have the Log. Tangent of the Angle A SP; which 
Angle is equal to 29% 2 54%. And this is "the co- 
equated Anomaly, 


IN the Orbit of Mars, the Eccentricity is 14100 


of ſuch Parts, as the mean Diſtance is 152369. And 

therefore, the Log. of the Ratio of,S © to CQ, is 

8,9663226 = Log, of g. Let us find" the Anomaly 

of the Eccentrick, when the mean AMomaly is one 

Degree. 

The Log. af Eccentricity — 8, 9663226 
The Log. Sine of one Deg, — 3, 2418453 
The Log. of K — — 1,7581220 


The Log. of R z — — 8,9662899 
The Log. of a ſubtrat— — 9 | 


The Log, AY . 


Firſt, THE Numb anſwering this Log. is 
0,084697, and gives the Bigneſs of the Arch N go 
and the Error is leſs than the 30000th, Part 'of a 


* 
VU 3 Secondly, 
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Lecture Secondly, S UPPOSE the mean Anomaly is 45 De- 
XXIII. grees, and T am to find the Anomaly of the Eccen- 
ick. | 7 | 

| The Log. of Ecceatricity —— 8,9663226 

Tae Log. Sine of 459 9,8494850 
The Log. of R —  1,7581220 


The Log. of R 0,5739296 
The Log. of à ſubtract. 0, 275249 
R z 2 2 


The Log. of IT” o, 5464047 


To which anſwers the Number 3,5189, which is 
more than the Truth, by about the 150th Part of a 
Degree: And to correct this Error, take the fecond 
Term of the Series = — r 
be found equal to the Fraction 0,0055, and ſubtract 
this from the firſt, there will remain 3, 5 124, which 
expreſſes the Arch-NQ true to the x00000th Part of 
2 Degree. 1 * Be: 
Thirdly, LET us find out the Anomaly of the 
Eccentrick, when the mean Motion is * 


£ which will 


The Log. of R z — — 0,7177961 
The Log. of a ſubtract — 9g.q929598 


The Log. of = — — 0, 7248363 


The Number anſwering to this Log. is 5, 3068, 
which is greater than the Truth, by about the roth 
Part of a Degree; and therefore, to correct this 


Error, double the Log. of =, and to the Product 
add the Log. of == and we ſhall have the Log, of 
„ 


LECTURES. 


RE, and the Number anſwering to it, is 0,04552, 


a 
whoſe Half 0,02276 is equal to ante This being 


ſubtracted from the former, there will remain 5,284 1 
for the Arch NQ; which is not the 10000th Part 
of a Degree diſtant from the Truth. It is here to be 
' obſerved, that though the ſecond Term of the Series 


be —$e+ Re X's: yet the Part of it — el is 

2 a* | 243 
ſufficient to determine A Q truly to the xoo0oth Part 
of a Degree. | 


HAvinG found the arch A Q, or the Angle 


AC Q, we compute the Angle ASQ by the Reſo- 
lution of the Triangle Q C'S, whoſe Sides QC and 


CS are given, with the Angle contained between 
them; and then the Eogarithm Tangent of the Angle 
ASQ is to be diminiſhed, by taking from it the Lo- 
garithm of the Ratio of the greater Axis to the leſs; 
And then there will remain the Jogarithmick Tan- 
gent of the Angle ASP, which is the true or cage» 
quated Anomaly. : Pos 
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LECTURE XXIV. | 
Sir ISAAC NEWTON's Solution 


of Kepler Problem; and Ward's Ellip- 
tick Hypotheſis explained. 9 


NUR Method of Solution, explained in 


JA Is AAc NEWTON, delivered by him 
XN in his Principles, page 101, are built 
N. IX upon the ſame Foundation; which is, 
that the right Line SF is equal in Length to the 


5 = EN the preceding Lecture, and that of Sir 


Arch QN: But the Newtonian Method is not un- 


like to that uſed by the Analyſit, when they extract 
the Roots of affected Equations: And it is fo much 
more to be valued, that it not only gives eaſily the 
Planets Places, whoſe Orbits are nearly circular, but 


| almoſt with the ſame Eaſe it may be uſed to deter- 


mine the Comets Places, who have very eccentric 
Orbits. And this may likewiſe be performed by our 
Method, if inſtead of the Arch AN, we take an- 
other Arch A, more nearly equal to AQ, whoſe 
Sine is e; and inſtead of making z = ge, ſuppoſe 
z TA - AN. And finding the Sine of the 
Arch Ay, we ſhall come to an Equation of the 
fame Form with the former, where z and y are much 


leſs, and conſequently the Series will converge much 


faſter. 

I WII I here explain the Newtonian Method, ſince 

it is of great Uſe and Expedition, for the Sake of 

thoſe who are willing to calculate Tables upon Prin- 

ciples grounded on the true Laws of Motion, and not 

upon abſurd Hypotheſes. | ; 
Wx have already ſhewed that if the Arch AQ 


be the Anomaly of the Eccentrick, that, together 
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with the right Line 8 F let fall from S upon the Lecture 


* 


Radius C perpendicularly, will be proportional XXIV. 
to the Time when the Planet deſcends from the 
Aphelion to the Peribelion; and the Difference be- 
tween the Arch BQ and SF proportional to the Table 
Time, when it aſcends from the Peribelian to the — 
Aphelion: And therefore, if we take the Arch AN WY 
or BN proportional to the Time, the Arch QN 

will be equal to SF. Therefore, to find in De- 

grees and decimal Parts the Meaſure of an Arch 

in the l which is equal to SF; ſay, as 
CQ is to CS, ſo is 57,2978 Degrees, which 

is equal to the Radius, to a Fourth: This Num- 

ber will expreſs the Bigneſs of. an Arch in the Pe- 
riphery AQ B which 1s equal to CS: The Log. 

of this Arch call B. And becauſe 8 C is to T5 & 

as the Radius is to the Sine of the Angle ACQ; 

ſay, as the Radius is to this Sine, ſo is the Arch 

whoſe Log. is B, to another, which call D; then 

this Arch D will be equal to SF, And therefore, 

if at the given Time, the Arch AN and the Area 

ASQ are n each to the Time, and I 
take NP equal to D, the Point P will fall on Q: 

But if the Area ASQ be not exactly proportional 

to the Time, the Point P will either fall above or 

below Q, according as the Area ASQ is bigger 1 
or leſs than the Truth. Let the true Area be AS, 0 1 
and upon C q let fall the Perpendicular S E; which, 1 
by what we haye already ſhewed, is equal toNgq: 4 
And therefore S E - S F, or 8 F- 8 E, that "| 
Wl is, nearly the Line LE, is equal togP QP 

—_ — Q.;, or Q q — Qp- Now, if the Angle " 
ac)? be ſmall, we have CE: C:: LE: 
:: QP- QZ: Q . And therefore, CE 
e: CZ:: QP: Q. After the ſame Way, 
when By is leſs than a Quadrant, Cy — CE: 

C:: QP: Q. When the Planet is near the 
Apbelion or Peribelion, C E becomes nearly equal ; 
Wo CS; and CQ CE is almoſt the ſame with | 
4A: And therefore QP: Q:: AS: AC, when ö 


che 
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Lecture the Arch A; is leſs than 2 Quadrant; but when 
XXIV. Bis leſs than a Quadrant, then as 8B: CB:: 
— QP :Qg. Say, as CS: CQ:: R the Radius to 


ASTRONOMICAL, 


a Line L; and then C 98 Alſo the 
Radius is to the Co- ſine of AC Q as SC : CF 
or CE, which are nearly equal: Wherefore CE 


_SC x Co-ſine AQ 
Za R 


— whence we have the Analogy 
QP: Q * — 22 dhe ke — 


2: LA Co- ſine AQ : L; when AQ is leſs than a 
Quadrant: But if it be greater than a Quadrant, 
QP will be to Q:: L= Co- ſine AQ: L. And 
in this Manner, if there be an Arch taken, as Ag, 
which is either a little leſs or bigger than the Truth, 
we ſhall find the Arch AQ, which is to be added or 
ſubtracted; ſo that the Area ASQ may be near] 
proportional to the Time. And, if inſtead of A 
we take another Arch AQ, and argue as in the for- 
mer Arch, we ſhall have a new Ag, nearer to the 
Truth: And by this Means we ſhall conſtantly ap- 
roach to the true Archy fo that the Difference may 
bo leſs than any given Quantity. | | 


Thi: Me- THERE is no need of explaining this Method 
— 4 any farther, we will only illuſtrate it with Examples, 


Examples, in the Motions of the Planet Mars. In Mars's Or- 


bit the Logarithm B is o, 7244446; and the Longi- 


tude L is 1080631 of ſuch Parts as the Radius is 


I 00000. | 

LET us find the Angle ACQ, vjhen the mean 
Anomaly or Arch proportional to the Time is 
only one Degree: Becauſe CS is almoſt the teath 
Part of CA, I ſuppoſe AQ to be 0,9 Deg. that 
is, a tenth Part leſs than the mean Anomaly, Add 
the Log. Sine of 0,9 to the Log. B, and the 


Sum is 8,9205466 = to the — 7 of the Number 


o, o8 3281; this Number expreſſes the Bigneſs of 


do its Log. Sine the Log. B, the Sum is , 2286992, 


22 
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an Arch rh SF =NP: And if the Arch AQ 
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had been rightly aſſumed, AN — NP had been XXIV 

equal to AQ, and QP = ©. But in the preſent 
Caſe, Q is equal o, 167 1; from which, if I take 
away its tenth Part, becauſe AS is greater than 
AC, by about a tenth Part, we ſhall have Q? = 
0,01504,' which being added to AQ, gives A 9 
0,91504. 2 2 
| 2405, LET the Arch AN, or the mean Ang- 2d Ex- 
nah, be two Degrees; I ſuppoſe the Arch AQ to le. 

be 1, 83, almoſt double of the former; and adding 


the Log. of the Number o, 16931. And then QP = 
0,00069 z from which, ſubtracting a tenth Part, 
Qs is nearly = 0,00063,' and A 1, 83063, which 
is not the 10000th Part of a Degree different from 
r We 1 55 
Zaly, Surrosz the Arch proportional to the 34 £x- 
Time, to be three Degrees; I take AQ to be 2,745 pays 
Den and to its Log. Sine adding the 
Log. B, we have the Log. of the Number o, 25392 
NP, and AN — NP= 2,4638; therefore 
Q S 0,001 nearly, and Ag = 2, 746: So that by 
one Addition of two Logarithms, we have the Arch 
Ag true to the thouſandth Part of a Degree. . 
4thly, Now, if we ſhould not proceed by ſingle 4 _ 
Degrees, but were to find the Angle AC Q, when 7 
the mean Anomaly is much larger; for Example, 455: 
TI make my Suppoſition, that the Arch AQ is 40 De- 
grees, and to its Log. Sine add the Log. B; the Sum 
is 0,5320121, Equal to the Log. of the Number 
34081, which Number ſubtracted from 45, leaves 
AN- NP =41,5919, which exceeds the Arch 
AQ by 1,5919. And therefore, if we take as 
L + Co-fine AQ to L, ſo 1,5919 to a Fourth, we 
ſhall have the Arch Qg 1,4865. And therefore, 
Ag = 41,4865, which does not differ much above 
the thouſandth Part of a Degree from the Truth. 
But without this Proportion we might have found 1 
Ag, by taking an Arch which is ſomewhat leſs than | 
AN — NP, but nearly equal to it. Suppoſe — 
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had made AQ = 41, 5, and adding its Log, Sine to 
XXIV. the Log. B, Dol have another Arch * 
ich ubtradted from AN gives 41, 4868, for a new 
| Ag. And this Arch is eafjer found, than by the for- 
mer Proportion ; and befides, | comes nearer to the 

Truth, _ the laſt Ag _ = 44 | >, 
| » AF TEK ha ou 92. or or the maly 
: ; ub of +4 Eccentrick, ang, 4 to the mean * 
mai of 45 Degrees; if we ſhould again proceed by 
ſingle Degrees, by mn one Addition of two Lo- 
garithms, we find the Anomaly of the Eccen- 
— all the following Degrees of the Semicircle, 
viz. when the mean Anomaly is 46 Degrees, I make 
AQ to be 42,4, and adding its Log 8 

Log. B, I AN—NP 42,424 to which, 
J make the new AQ equal, I I have an 1 
which is not the xoooth Part of a Degree diſtant from 
the true Anomaly of the Eccentrick. So likewiſe, 
when the mean Anemaly is 47 Degrees, I take AQ 
43,36 = to the former Ag + the Increment that 
accrues to it, adding a Degree: And adding the 
Log. B to the Sine of 43,36, the Sum is the 
RR the Number ons, 6402, which ſubtracted from 
„ leaves AN NP=43,3598, equal to a nem 
| "op And this Arch is about the 1ooooth Part of 2. 
Degree different from the true e of the Eccen- 

trick. - 

6b Ex. thy, Ir again, paſling © over the erh inte, De- 
ple. grees, 1 would find the Arch A, when the mean 
| Anomaly is 100 Degrees; I make AQ equal 906 
Degrees, and adding its Log. Sine to the conſtant 
. B, the Sum is he Log. of the Number 55273» 
and AN = NP= 944727. Therefore, I put again 


AQ = 94,72 and adding 1 its Log. Sine, 
and the "bo 7 I have the Log, of the lumber. 


. N 


5,285, which ſubtracted from AN, leaves A9 ta 
94,715. In like Manner, when the mean Anomaly 
is 101 Degrees, I make AQ 95,71; and I find 
NP to be 5, 2756, which ſuübtracted from 101, 

5 A 95,7244. And here again, if we pro- 
eed by Degrees, we ſhall have the eccentrick N 

_—y 


oro, — 11 0 


— 2 2 53 
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maly conſtantly, by the Addition of two Logarithms, Lecture 

one of which being conſtantly the ſame, may be ſet XXIV. 
LE T us now paſs to another Sort of Orbit, whoſe Example 

Eccentricity bears a great Proportion to its mean Diſ- ix the Or- 

tance, For Example, let us ſuppoſe the Aphelion *# N a Co- 

Diſtance to be the Perihelion Diſtance, as 70 is to 

1; and ſuch is nearly the Orbit of that Comet, which 

Dr. Halley firſt found to complete its Period in 


once down in a Piece of Paper by itſelf, and the L 
bour ſaved of frequently tranſcribing it, 


. 


751 Years. Here AC or CQ, the mean Diſ- 
tance, is 35,5, and CS is 34,5 of ſuch Parts as 


SB is one. And the conſtant Log. B is 1,7457133. Table 
We muſt find the Arch B g, when the mean Ang- XXL 
maly computed from the Peribelion is of a De- Fig. 6- 


gree. I ſuppoſe BQ to be 0,35; to its Log. Sine 
add the Log. of B, and the Sum is the Log. of the 
Number 0,34013, which added to the Arch AN, 


makes ,35013. If this Arch had been only 35, B 
had been rightly taken; but the Difference 1s rig 


And therefore, becauſe C B is to 8 B, as 35,5 to 
J multiply the Difference, ,00013 by 35,5, and 


we ſhall have Q q= ,004615, and the Arch By 


=0,354615, and the Error leſs than ,0003 of a De- 
ree. Again, let the mean Motion be ,o2, I put 
50 = 0,71, and adding its Log. Sine and B to- 


gether, I have the Log. of the Number o, 68998, 


and B N + N P=,70998: The Difference is 
0,00002, which multiply by 35,5, and the Product 
ſubtracted from B Q, leaves B q = 0,7092, and 


the Error is not greater than the eee of a De- 
gree. If the mean Anomaly be o, oz, I make BQ 


= 1,06, and adding its Log. Sine to B, I have the 
Log. of the Number 1,03008; to which add the 
Arch BN, the Sum is 1,060088, which is preater 
than BQ: Wherefore, if the Difference ,o0008 be 
multiplied by 35, 5, and the Product added to BQ, 
we ſhall have Bq = 1,06284. In the ſame Manner, 
when the mean Anomaly is ,04, I ſuppoſe BQ 
1,4, and I find PN = 1,3004 3 to which adding, og, 

| the 
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Lecture the Sum is 1, 4004, Which exceeds 1,4 by ,0564 ; 
XXIV. multiply this Difference by 35, 5, and the Product 
— Wil be ,0142=Qg, and therefore Bq=1,4142, 


In all theſe Examples the Errors are very ſmall, fel. 
dom exceeding the toooth Part of a Degree. | 
LET us now find the Anomaly of the Eccentrick, 


| when the mean Anomaly is one Degree. Here I make 


Table 
XXI. 
Fig. 5, 6. 


Bqg=20 Degrees, and adding its Log. Sine to B, I 
have the Log. of the Number 19,045; to which ad- 
ding 1, the Sum is 20,045, and is greater than 20 b 
„045. And becauſe in this Example, L — Co- ſine 


B Qis to L, as 1 is 11, 5 nearly; I multiply the 


Difference „045 by 11,5, and the Product o, 5175, 
added to BQ, makes 20,817 5. Therefore, 2dly, I 
make B Q 20,51, and P will be 19,5092 ; to 
which, adding B N, the Sum is 20,5092. And there- 
fore, if the Difference ,0008 be multiplied by 11,5, 
and the Product ,0092 ſubtracted from B Q, there 
will remain B g = 20,5008. 

- Laſtlh, LET the mean Anomaly be two Degrees; I 
put BQ = zo Degrees, and then I find NP 27, 84; 
to which adding 2, and the Sum is 29,84, which is 
leſs than 30 Degrees: Multiply the Difference, 16 
by 6,3 (for L—Co-fine BQ is to L, as 6,3 to 1, 
and we have 1,008 =Qg: And therefore, this Arch 
ſubtracted from B Q, gives Bq— 28,982. There- 
fore, to correct the Error, I put again BQ 29 De- 


| ors ; and by a like Proceſs I find B 9 = 28,9672. 


aving found the Angle ACQ, the Angle AS 

is eaſily found. For 1 this Nele QC 9 Ns, 
the Sides QC, CS, and the Angle QCS; there- 
fore, we ſhall find the Angle ASQ, and the Side 
SQ : Then ſay, as the greater Axis of the Ellipſe is 
to its leſs, ſo the Tangent of the Angle ASQ is to 
the Tangent ASP, which will thereby be found; 
and it is the coequated or true Anomaly. Again, 
ſay, as the Secant of the Angle ASQ is to the Se- 
cant of ASP, ſo is SQ to SP, the Diſtance of 
the Planet from the San. Or perhaps theſe Things 
may be eaſier computed in this Manner, _— 

c 


1 


,BCTURES-- 303 
the Arch AQ, we have its Sine Q H, and its Co- | | 
ſine HC: 88 we have S C in Pe Parts, as the 7 
Radius, or C Q, is 100000 ; therefore we have H S. : 
Say, as the greater Axis of the Ellipſe is to its le., 
ſo is QH to PH, which will therefore be given. In 
the rectangle Triangle PHS, we have alſo the Sides 
P H and HS, wherefore we can find PSH the true 
Anomaly, and P'S the Diſtance of the Planet from 
the Sun, | - | ; | 

BECAUSE in the Aphelions and Perihelions the 
Points Q and N, or the mean and true Place of a 
Planet, coincide; and in the firſt Semicircle of Ano- 
maly, the mean Place is before the true Place; in the 
ſecond, the mean Place is behind the true; if we 
have determined the Poſition of the Aypſides of the 
Earth's Orbit, we ſhall know the Time when the true 
and mean Place coincide. For when the Sun is obſerv- 
ed in that Point of the Ecliptick where the Peribelion 

is, then the Earth is in the Aphelion. And having 
this Moment of Time, by AAronomical Tables, we 


; ſhall have the mean Anomaly for any other Time, as 

8 likewiſe the Arch AN. For theſe Arches are com- 

h puted according to the Proportion of the Times, and - 

) are placed orderly in the Tables. Now, having for 

h any Point of Time the Arch AN, we have ſhewed 

e how from thence we may compute the true Anomaly, 

e and the Place of the Earth in the Ecliptick, to which 

2. the Place of the Sun is always oppoſite. 

2 BESIDES, the Theory of Kepler, according to 

ve wich the Planets do really regulate their Motions, 

e- there is another elliptick Hypotheſis, which has been 

de chiefly improved by two moſt celebrated Aſtronomers, 

is Iſmael Bullialdus, and Dr. Seth Ward, formerly Pro- var 
to effor in this Chair, and afterwards Biſhop of Sali/< Theory. 
d; bury, by whoſe Pains ¶Mronomy has been much ad- OM 
in, vanced. And ſince this Hypotheſis does not want 

e- Elegance, and a Neatneſs in Geometry ; and be- 

of tides, it admits of an Eafineſs in computing, we 

19s will here briefly explain it. In this Hypotheſis, with 

ing Kepler, it is ſuppoſed that the Planets Orbits are 


* Ellipſes, 
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Lecture Ellipſes, and that they have all one common Focus; 
XXIV. in which the Sun reſides. Moreover, they ſuppoſe 


% 
— 


Table 
XXII. 
Fig. 2. 
Ward's 
Method. 


that each Planet does move in the Periphery of its Or- 
bit, in ſuch a Manner, that drawing Rays or Lines 
to the other Focus; they deſcribe Angles propor- 
tional to the Times. "Theſe Things being ſuppoſed, 
Dr. Tard ſhews an elegant Method of finding the 
true Anomaly from the mean, having determined 
the Species of the Planet's Orbit: And it is as 
follows. | 

LET AP be the Ellipſe which the Planet de- 
ſcribes, AP the Line of the Ap/ides, S the Focus 
in which the Sun is placed, F the other, or the up- 
per Focus, which is the Center of equal Motion. 
Let the Angle AFL be proportional to the Time, 


or be the mean Anomaly, then L will be the Place 


of the Planet in its Orbit, and the Angle ASL 
the coequated or true Anomaly. Produce FL to 
E, fo that FE may be equal to AP the greater 
Axis of the Ellipſe; and therefore, ſince by the 
Nature of the Ellipſe, FL and LS are equal to the 
ſame AP, then LE muſt be equal to LS, and the 
Triangle LS E will be the Iſoſceles Triangle; and 
therefore the Angles E and ESL are equal; and 
the exterior Angle F LS, being the Sum of both, 


will be the double of each, or double. of the Angle 


LES. Therefore in the Triangle E F 8, having 
FE and F 8, and the Angle EFS, which is the 


Complement of LF A to two Rights, we can find 


the Angle E, whoſe Double is equal to the Angle 
F LS, which therefore will be known: But the An- 


ge AFL is equal to the two Angles FS L and 


LS, and therefore the Angle F LS is the Proſtha- 
pPhæreſis, or the Equation, which is to be ſubtracted 
from the mean Anomaly, or added to it, to have the 


true Anomaly. 


_- 


that is, as AS: SP ;: Tang. 2 AF E.: Tangent 
of 2 Difference of the Angles E and F E; but 


be- 


IV reſolving the Triangle E F 8, having EF and 
FS, the Analogy is EF +3FS; EF—- 2 FS; 


SS a ms ws cw # Aa16 r 
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LECTURES 
rence of the Angle E and FSE; wherefore the 


the Angle FSL, which is the true Anomaly. Now, 
the Practice here is extremely eaſy ; for becauſe AS 
and SP are conſtant Quantities, the Difference of 
their Logarithms is a conſtant Quantity; wherefore 


a given Number is to be added to wh Tangent of 


half the mean Anomaly, and then we ſhall have the 
Tangent of half the true Azomaly. Moreover, in the 
Triangle L FS, having all the Angles, and the Side 
8 Fe WY can find SL the Diſtance of the Planet from 
the Sun, 


T x18 Hypotheſis of Dr. Ward's is a vir, uſeful wara's 
Approximation, and ſerves to ſhorten the C 

tion, and make it eaſy : But yet it is ſtill only an 2 4/prox- 
zmation on- 
ly ; the Rea- 

| . ; ſon of it. 
the Orbit of the Planet, A Q B the Circle circum- Plate 
ſcribed ; the Arch AQ the Anomaly of the Eccen- OA | 
ig. 3» 


Approximation, and does not come up to the Truth: 
We will here ſhew the Reaſon of it. Let AP B be 


trick, and AN the mean Anomaly. From the Cen- 
ter C draw NC, and Q parallel to it; the Angle 
QGA is equal to NCA, or the mean 4 
and CG will be nearly equal to C'S, but a little 
leſs than it. For from the Focus 8, on Q let fall 
the Perpendicular 8 F, which we ſhewed before to 
be equal to the Arch Q N : But becauſe the Arch 
QN is ſmall, its Sine will be almoſt equal to the 
Arch; and therefore GO, a Perpendicular on NC, 
will be nearly equal to S F, but ſomewhat leſs, But 
the Triangles GO C, and S FC, are nearly equi- 
angular, (for NCQ, the Difference of the Angles 
GCO and SCF, is very ſmall) and therefore, 


becauſe OG is almoſt equal to SF, but a little leſs 


than it, CG will be almoſt equal to CS, but ſome- 
what leſs. The other Focus of the Ellipſe then muſt 
be a little above the Point G, but very near it; and 


if we draw from the Planet's Place the Line PL, 


parallel to Q G, the Point L will be likewiſe above 
the Point G, but yet not far diſtant from it; and 
therefore, the Point L, and the other Focus of the 

2 X Ellipſe, 


alcula- Hypotheſis, 


395 
becauſe the Angle E is = LSE, FSL is the Diffe- LeQure 


; . 0 XXIV. 
Angle, found by the Analogy, being doubled, 9 — 
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Lecture Ellipſe, do nearly coincide. But the Angle PLA 


XXIV. 


— 


is equal to N CA, the mean Anomaly ; and the Point 
L nearly coinciding with the other Focus, the Line 
dtawn from P to the other Focus will make an Angle 


with the Axis, nearly equal to the Angle PLA or 


NCA, that is, to the mean Anomaly. And therefore 


the Angles, at the fuperior Focus, are nearly propor- 


tional to the Times. | | 
WHERE the Angles NCA and QCA, or SCF, 
differ but little from one another, that is, where the 
Angle NCQ and the Eccentricity are but ſmall, 
the Points G and L are nearly coincident with the 
ſuperior Focus. And therefore this Theory is accurate 
enough to anſwer to the Motion of the Earth, whoſe 
Orbit is nearly circular : But in the other Planets, 


and particularly Mars and Mercury, it does not do 


Bullial- 
dus's Cor- 


rection of 


this Hypo — 


tbeſis. 


Plate 
XXII. 
Fig. 2. 


ſo well. And therefore Bullialdus, from four Places 
of Mars, obſerved by Tycho, in the firſt and third 
Quadrant of Anomaly, found that Mars was further 
advanced in his Orbit, than he ought to be by this 
Theory. But in the ſecond and fourth Quadrants, 
Mars true Anomaly was found to be leſs than it 
ſhould be, according to this Hypotheſis; and there- 
fore Bullialdus gave it the following Correction. 
Upon the Diameter AP, which is the greater Axis 
of the Ellipſis, deſcribe the Circle ADP. Let AFL. 
be the mean Anomaly; through L draw the Line 
Q LG perpendicular. to the Axis, meeting with the 
Circle in Q. Join FQ, which cuts the Ellipfe in 
VT, and Y will be the Place of the Planet in its 
Orbit, anſwering to the mean Anomaly AFL. Now, 
the Angle AFQ, anſwering to the mean Anomaly 
AFL, is cafily found by taking an Angle whole 
Tangent is to the Tangent of AFL, as the greater 
Axis of the Ellipſe is to the leſſer. And having the 
Angle AF Q, or AF x, the Angle AS is found 
in the ſame Manner as before the Angle ASL was 
found. 5 

THe Calculations we have here explained ſup- 


| poſe that the Species or Forms of the Orbits are 


given, as likewiſe their Poſitions. We ſhall after- 
8 wards 


en VU 5 Wo. 


@ \ 


r 207 


wards ſhew a Way by which the Orbits of the other Lecture 

Planets are determined: But the Form and Poſition XXIV 

of the Earth's Orbit is to be found by the following eee 

Methods. Firſt, obſerve the apparent Diameter of 

the Sun, as likewiſe his Motion; for when the Earth The Form 

is in its Aphelion, the Sun's Diameter is the leaſt of 7 , 

all, and his Motion ſloweſt ; the Earib being there at Orbit. 

the greateſt Diſtance from the Sun. In the Perihe- 

lion, it coming neareſt the Syn, we ſhall obſerve his 

Diameter to appear biggeſt. Let any right Line Plate 

SP repreſent the Peribelion Diſtance of the Sun : XXII. 

Say, as the apparent Diameter of the Sun in the Fig. 4. 

Apbelion is to its apparent Diameter in the Perihe- ©” 

lion, ſo is SP to a Fourth. In SP produced, take 

S D equal to this Fourth, and it will be the Apbelion 

Diſtance; biſect PD in C, and CS will be the Ec- 

centricity, and C the Center. Deſcribe an Ellipſe, 

whoſe Focus is 8, the greateſt Axis PD; that Ellipſe 

will be of the ſame Form with the Earth's Orbit; and 

the Points of the Ecliptick, where the Sun's Dia- 

meter appears the biggeſt and the leaſt, ſhew the 

Poſition of the Apſides, or the Aphelion and Perihelion. 

But becaufe the Diameter of the Sun, in the Aphelion 

and Perihelion, is ſcarcely ſeen to alter its Bigneſs for 

ſome days, it will be very difficult to determine the 

Poſition of the Apſides, by Obſervations made on the 

apparent Diameter of the Sun only; and therefore, 

it will be better to find out the Aphelion and Peri- 

helion Diſtances and Poſitions, by obſerving the Sun's 

Motion: For the angular Velocity of the Earth and 

the apparent Motion of the Sun, which is equal to it, 

is always reciprocally as the Square of the Diſtance, 

as we have above demonſtrated, | | 
THEREFORE, to determine the Species of the 

Ellipſe, in which the Earth moves, we muſt. obſerve 

the apparent Velocities of the Sun when it is greateſt 

and leaſt, Call the leaſt A, and the greateſt B; and 

let any right Line S P repreſent the Perihelion Diſ- 

tance : Say, as A is to B, ſo is SP to another Line 

C. Produce SP to D, ſo that SD may be a mean 

Proportional between SP and C; this Line SD will 


X 2 repreſent 


e * n I N * * * 
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Lecture repreſent the Apbelion Diſtance: And therefore, if | 
XXIV. the Ellipfis be deſcribed, whoſe Focus is 8, and its 


— 


Ward's 


orcater Axis PD, that Ellipſe will be of the fame 
form with the Earth's Orbit. For becauſe SP, SD, 
and C, are continually proportional, PS ſquare will 
be to DS ſquare, as SP is to C, or as A to B, that 
is, as the Velocities. Moreover, if the Places of the 
Ecliptick be diligently marked, where the Velocities 
are grcateſt and leaſt, in thoſe Points will the Apſides 
be fituated. Laſtly, if there be two Places of the 
Ecliptick obſerves, where the Sun's apparent Veloci- 
ties are equal, and the Arch of the Ecliptick between 
the two Places be biſected, the Point of Biſection, 
and its oppoſite, will ſhew the Places of the Ap/ides. 
But 'thete Methods require Obſervations, that are 
very nice and accurate, ſuch as 'can ſcarcely be 
made. | . 

FROM the Theory of Dr. Hard, we have a more 


Theory beſ certain Method of finding the Form of the Orbit, by 


explains 
the Orbit 
and Peſi- 
tion of the 
Apjides. 
Plate 
XXII. 
Fig. 5. 


three Obſervations of the Sun, and marking the Time 
between them; which does likewiſe determine the 

Poſition of the Apſides. Let ABP DOC be the Or- 
bit of the Earth, S the Focus in which the San is 
placed, F the other Focus: The Ap/ides A and P. 
Let BC, and D, be their Places of the arth in 
the Ecliptick, which are found by obſerving three 
Places of the Sun, to which they are oppoſite. At 
the Center F, and Diſtance FM, equal to the greateſt 
Axis of the Ellipfe, deſcribe the Circle MHE L; 
and let the Lines FB, F C, FD produced, meet 
with the Circle in the Points G, H, E. Draw like- 
wiſe, from the Focus 8, the Lines SB, SC, SD, as 
alſo SG, SH, and S E. We have the Angles BSC, 
BSD, and CS D, for they are meaſured by the 
Arches of the Ecliptick, intercepted between the 
Points obſerved. But, according to this Theory, the 


Earth moves in the Perimeter of an Ellipſe in ſuch 


a Manner, that it deſcribes Angles about the Focus F, 


that are proportional to the Times: And therefore 


we ſhall have the Angles BFC, BFD, and CFD, 
taking each of them fuch that they may * 
ame 


LERKCTURSS, 


ſame Proportion to four gay Angles, as the Times Lecture 


between the Obſervations 


cal Time. Moreover, twice the Angle F G8, that is — 


the Angle F BS, is the Difference of the Angles 
AFB, and AS B: This we ſhewed before. And the 
Double of the Angle FHS is the Difference of the 
Angles AFC, and ASC; the Difference of the 
Angles BFC, and BSC, will therefore be equal to 
2FGS+2FHS. But becauſe we know the Angles 
B F C, and BS C, we know likewiſe their Difference, 
therefore we have the Sum of the Angles F GS, 
and FHS. But the Angle FGS is the Difference 
of the Angles BF A, and GS A; and the Angle 
FHS, is the Difference of the Angles HF A, and 
HSA: Whence both the Angles FGS, and FHS, 
will be equal to the Difference of the Angles BF C, 
and GS H. But we have the Angle BF C, and 
the Sum of the Angles FG g, and F H S; and there- 
fore we have the Angle GS H. In the ſame Man- 


ner we can find the Angle GS E. Alſo, in the 


ſame Manner, the Angle F E S doubled, is the Dif- 
ference of the Angles D F A, and DSA; alſo the 
Double of the Angle FHs is the Difference of the 
Angles CF A, and CS A. And therefore, twice the 
Angle FES - twice the Angle FHS will be equal to 
the Difference of the Angles C F D, and CS D: But 
we have the Angles CF D, and CS D; and there- 
fore, we have half their Difference, that is, FE S 
FHS. But the Angle FES -F Hs, is the Diffe- 
rence of the Angle CF D, and HSE; and we have 
the Angle CFD; wherefore, we have the Angle 
HSE. We have therefore all the Angles at F, viz. 
BFC, BFD, CF D, and all the Angles at 8, viz. 
BSC, BSD, CSD; as alſo GSH, GSE, HSE. 
Theſe Things being laid down, | 
EXPRESS the Line SH by any Number, viz. 
100,000, and produce E 8, till it meets with the 
Periphery in L; join HL, LG, and HG. In the 
Triangle HS L we have the Angle HS L, the Com- 
lement of HSE to two Rights: And the Angle 
LS, equal to half the Angle HF E, by the 2oth 

= — Prop. 


\ 


ave to the whole periodi- XXIV 
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þ Lecture Prop. El. III. and the Side S H 100,000; wherefore, 
XXIV. we ſhall find the Side SL: Then in the Triangle 


— SLG, we have the Angle LS G, the Complement 


of the known Angle ESG to two Rights; and the 
Angle S LG, being half the Angle EFG, by the 
2oth Prop. El. III. and the Side 8 L; therefore we 


ſhall find SG. And again, in the Triangle $S HG, 


we have the Sides SH and S G, and the Angle 
HSG; and conſequently we ſhall find the Side HG, 


and the Angle SHG. In the Iſoſceles Triangle 


HF G, we have the Angle HF G, and the Baſe 
HG; wherefore, we ſhall find the Side HF, which 


is equal to the greater Axis of the Ellipſe; as alſo 


the Angle GHF, which being ſubtracted from the 


known Angle GHS, leaves the Angle FHS known, 


Laſtly, In the Triangle FHS, having FH and HS, 
and the Angle FHS, we ſhall find the Side S F, and} 
the Angle H SF; from which ſubtracting the Ang! 
HS CS = F Hs, there will remain the Angle C'S i 


: which ſhews the Pofition of the Apfides. 


T H#1s Method does ſuppoſe, indeed, that the An- 
gles at the ſuperior Focus be always proportional to 
the Times, which is not true. But in the Orbit of 
the Earth, whoſe Eccentricity is ſmall, the Angles 
that are really deſcribed at that Focus differ ſo little 
from the Angles that are proportional to the Time, 
that no ſenſible Error can ariſe from thence, in deter- 
mining the Species and Poſition of the Orbit. 

THE moſt celebrated Afronomer, Dr. Edmund 
Halley, from whoſe Labours Afronomy has received 


| _ Improvement, hath contrived a Method which 


epends on no Theory of the Earth's Motion: From 
which, by Obſervation alone, the Form and Poſition 


of the Orbit are to be determined. 


SUPPOSE the Sun at 8, A BCD the Orbit of the 
Earth, P the Planet Mars, who for this Purpoſe is 
to be preferred, or choſen before the others. Firſt, 
Obſerye the true Time and Place when Mars is in 
Oppolition to the Sun; for then the Sun, the Earth, 
and Mars, are in one right Line; or if it happens 
(a8 it often does) that ar has any mM 
| GN 97 


LECTURES 


Sun, the Earth, and Mars his Place, reduced to the Lectare 
Ecliptick, are in a right Line. Let the Sun, they 
EZartb, and Mars, have their Places in the Points 8, 

A, and P, in the right Line 8S P. Since Mars his . 

riod conſiſts of 687 Days, after that Time, Mars will 5 


return to the Point P; and ſeen from the Sun, he 
will appear in the ſame Place as before, in which he 
was ſeen alſo from the Earth : But the Earth does not 
return to A, till after the 730% Days; and therefore, 
when Mars is in P, it wil be in B, and will obſerve 
the Sun in the Line S B, and Mars in the Line BP. 
By obſerving the Places of the Sun and Mars, we 


have all the Angles of the Triangle PBS, And ſup- 
poſing PS to conſiſt of 100, ooo Parts, we can find 


the Diſtance S B, in thoſe Parts, as likewiſe its Po- 
ſition. After the ſame Manner, when Mars has 
finiſhed another Period, the Earth will be in C, and 
we can find the Length of the Line S C, and its Po- 
ſition ; and likewiſe, by the fame Method, another 
Line S D, and its Poſition, may be obtained. And 
by this Means we are come to this Geometrical Pro- 
blem : Having three Lines meeting in the Focus of 
an Ellipſe, all given in Length and Poſition, to find 
the Length of the tranſverſe Axis, its Poſition and 
the Diſtance of the Foc: >: Which Problem, the Gea- 
meters ſhew how to conſtruct ; and we, in the follow- 
ing Lectures, will likewiſe givs its Solution. | 


' Ws LECTURE 
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LECTURE XXV. 
Of the Equation of TIME. 


Lecture NN LTHOUGH N be in 0 ben 


XXV. 12 Nature a real Quantity, as being en- 
A & dowed with the chief Properties of 
Motion, the t, ity. © aa In . ke 

r ends Quantity, Equality, Inequality, and 
ef Time, EE Proportion; yet to meaſure this Quan- 


tity, we muſt have the Aid and Aſſiſtance of Mo- 
tion, as a Meaſure to eſtimate and compare the 
Quantities of Times; and therefore Time, when it 
is conſidered as meaſurable, marks out ſome Motion: 
For if all Things were to reſt, we could by no 
Means know the Flux or Quantity of Time, and the 
Duration of all Things would go on without Percep- 
tion, OY | 
Uniform Bur becauſe Time conſtantly flows equally, and 
Motion the in the ſame Manner, «to meaſure it, os ell babes 
Alefure, Uſe of ſuch a Motion, as is in itſelf ſimple, uniform, 
and always going on at the ſame Rate; fo that the 
Body which has this Motion, at leaſt as to its Periods, 
may always keep the ſame Force, and yet go through 
| equal Spaces in equal Times. ve 
The Mo- For common Uſe, we muſt take that Mo- 
tions of the tion which is moſt remarkable, evident to eve 
r Body, and plain to common Senſe; ſuch is the 
N, Motion of the Stars, and chiefly of the Sun and 
Moon, which not only, by the common Conſent 
of all Mankind, are agreed upon for this Effect, 
but by the Almighty, and wife Creator of the 
Univerſe, are eſtabliſhed for this Purpoſe: For in 
47 | | the 


1 fitten Meas 
bl. fares. 


83 


N 
| 


| (rough the Sun, as is plain by the Figure, For let 


| 
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| the Scriptures we read, that God ſaid, Let there be Lecture 


Lights in the Firmament of the Heaven, to divide the XXV. 


Day from the Night ; and let them be for Signs and for 
Seaſons, and for Days and for Years, And there- 
fore by the celeſtial Motions, and chiefly by that of 
the Sun, are the Times rightly diftinguithed and 
marked out, Who therefore dare ſay that the Sun 
will not tell us Truth! The Afronomers are the bold 
Men who tell us ſo; for they, by their nice Search 
into Things, have found that the Sun's apparent Mo- 


— 


tion is no ways equal; they obſerve, that he now and 


then ſlackens his Pace, and afterwards quickens it 
again: And therefore Equal Time, which goes on 
always at the ſame Rate, cannot truly be meaſured 
dy the Sun's Motion. | 


HENCE the Time which the Sun's Motion ſhews, De Di/- 
and which is called the Apparent Time, is different ion be- 


from that Time which flows uniformly and always at 
the ſame Rate, which is called by the Afronomers the 


tween the 
True and 


Apparent 


True and Equal Time; according to which all the ce- Time. 


leftial Motions are to be eſtimated, regulated and 


ſettled. For, upon the Account of the unequal Mo- 


tion of the Sun, and the Obliquity of the Ecliptick to 


| the Æquator, we have neither Days or Hours perfectly 


equal, as we ſhall here ſhew. 

TER ſolar Day is that Space of Time which paſſes 
while the Plane of the Meridian of any Place, paſ- 
fing through the Center of the dun by the Zarth's 
Revolution turning round its own Axis, returns again 
to the Sun's Center; or it is the Time between one 


Mid-day, and the next which comes after. Now, 


if the Earth had no other Motion but that round its 


Axis, all the Days would be exactly equal to one 


another, and to the Time of the Revolution round 


the ſaid Axis. But becauſe while the Earth is 


whirling round its Axis, it is alſo going forward in 
its proper Motion Eaſtward; when any Meridian 
has completed its Revolution, after having paſſed 
the Sun's Center, its Plane will not have then paſſed 


4 
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Lecture the Sun be S, AB a Portion of the Ecliptick ; let 
XXV. the Line MD repreſent w 4 Meridian, whoſe Plane 
Ls produced, paſſes through the Sun when the Earth is 
Table . in A: Let the Earth proceed in its Orbit, and come 
XXIII. to B, while it has completed a Revolution round its 
Fig. 11 Axis; and then the Meridian M D will be in the 
Poſition n d, parallel to the former MD; and con- 
ſequently will not as yet have paſſed through the 
Sun, nor will the Inhabitants under that Meridian 
have had their Mid-day. But the Meridian dm, 
with its angular Motion, muſt ſtill go on, before its 
Plane can paſs through the Sun, and muſt deſcribe 
the Angle A Bf. And therefore all the ſolar Days 
are longer than the Time of one Revolution round the 
Earth's Axis. If the Planes of all the Meridians 
were perpendicular to the Plane of the Zarth's Orbit, 
and the Earth deſcribed this Orbit with an equal 
Motion, after any Meridian has completed its Revo- 
lution, becauſe M D and md are parallel, the Angle 
d Bf would be equal to the Angle BSA, and the 
Arches df and AB ſimilar: And becauſe the Times 
are always equal, the Arch AB and the Angle 
d B f would conſtantly be of the ſame Quantity, and 
all the ſolar Days would be equal to one another; 
and then the apparent and equal Time would agree, 
But neither of theſe two Caſes have Place in Nature, 
for the Earth does not proceed in its Orbit with an 
equal Motion; but in its Aphelion it deſcribes a leſs 
It isproved Arch, in its Perihelion a greater. And moreover the 
that the ſo- Planes of the Meridians are not perpendicular to the 
fer P25 Ecliptick, but to the Zquator : And therefore the 
equal, Time of the angular Motion 4 B V which, beſides 
the intire Revolution, is to be added to the Space 
of a ſolar Day to complete it, is not always of the 
ſame Quantity ; whence the ſolar Days will not be 
| equal. 

The ſame is — 55 perhaps this may appear plainer, if we paſs 
made plain from the real Motion of the Earth, and conſider the 
& _ 1 * apparent Motſen of the Sun; for it is by his ap- 
125 of the parent Motion, that we meaſure the Apparent From, 

R * x 


: * 


e id e 42 C9 eh GB? = wen 
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And therefore you muſt obſerve, that the natural Lecture 

ſolar Day is that Space of Time, in which, by the XXV 

Revolution of the whole Heavens, which is called the : 

Revolution of the Primum Mobile, or of the firſt 3 

moveable Orb, the whole Circumference of the Æqua- 

tor paſſes through the Meridian; and alſo ſo much 

more of the ſame Circle, as anſwers to the appa- 

rent Motion of the Sun to the Eaſt, in the mean 

while. | | 
Bur the Arch of the Equator paſſing through the e Aur- 


Meridian, is not always equal to the correſpondent aa“ Arches 


Arch of the Ecliptick, which paſſes through the 7% K. 
ſame in the ſame Time; but is ſometimes bigger, and Rm 
ſometimes leſs than it, even though the Sun's Motion 2% DS 
were equal in the Eclipticx: The Difference between Arches of 
them ariſes from the oblique Poſition of the Eclip- the Eclip- 
tick to the Æquator, as is plain by the Figure. Sup- _ 
poſe ꝙ s a Quadrant of. the Ecliptick, and ꝙ E axx1r. 
Quadrant of the Aquator. Suppoſe the Arch ap A Fig, 2. 
to be one Degree, which is nearly equal to the diur- | 
nal Motion of the Sun in the Ecliptick; for this 

mean Motion is 559 8“. Let AB bean Arch of the 
Circle of Declination, paſſing through the Sun in 

A, and intercepted between the Æquator and the 
Ecliptick. In the right-angular Triangle M BA, 

having the Side A one Degree, and the Angle 

A v B, which is the Inclination of the Ecliptick to 


the Æquator, and is nearly 23: Degrees, we ſhall The ff 


find the Side / B 55 1, almoſt 5 leſs than the Cauſe f 
Arch ꝙ A. Again, ſuppoſe the Arch of the Eclip- mY Inequa- 
tick Y C 89®; from thence we ſhall find the Arch B. 

of the Æquator Y D 889 54, 34; but when the © * 
Arch of the Ecliptick v1 25 is go Degrees, then AE, 

the correſpondent Arch of the Equator, is alſo go 
Degrees. And the Difference of the Arches C, 

v D is 19 5' 26”, And the Difference of the Arches 

of the ÆEquator YB and DE is 10 25”, although 

the Arches of the Ecliptick A and CS, which 
anſwers to them, are equal. From which it is evi- 

dent, that the Arches of the Æquator, anſwering to 

„ | equal 
* . 
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> equal Arches of the Ecliptick, are unequal : And 
* therefore the diurnal Arches of the AÆquator, which 
* paſs through the Meridian, are unequal ; but they 
meaſure the ſolar Days: Wherefore the ſolar Days 
| are unequal. 8 | 5 

The ſecond Br the Obliquity of the Ecliptick is not the only 
Caujeof the Cauſe of the Inequality of Days, for the very appa- 
RY rent Motion of the San in the Ecliptick is unequal ; 
Y 9% for he proceeds more flowly, and ftays longer in the 
Northern Signs than in the Southern, by eight intire 

Days: And therefore, if there were no Obliquity 

of the Ecliptick, by this Cauſe alone, the diurnal 

Arches of the Æquator could not be equal. And 
therefore their Inequality will be much greater, upon 
Account of theſe two Cauſes concurring together ; 
that is, the unequal Motion of the Sun, and the Ob- 
liquity of the Ecliptick, which, though _ are 
 fomeumes contrary to each other, and ſo diminiſh the 
Inequality ; as it happens when the Arches of the 
Equator decreaſe, on the Account of the Qbliquity 

of the Ecliptick, but by reaſon of the Sun's approach» 

ing the Perigeon they increaſe, and on the contrary : 

= Yet ſometimes theſe two Cauſes concur to increaſe the 
Inequality, and neither of them depend one on the 
other, but each of them by itſelf has its Effect. | 
| SINCE therefore the apparent Motion of the du 

to the Eaſt is unequal, it cannot be a fit Meaſure of 

Time, which ſhould always go on at the ſame Rate. 

And therefore the natural and apparent Days are 

no ways to be applied to meaſure the celeſtial Mo- 
tions, which do not depend upon the-Motioh of the 

Sun : Therefore the Aſtronomers found it neceſſary, 

inſtead of thefe folar Days, to ſubſtitute in their 

Place. others that were equal, and a mean between 

the horteft and the longeſt, and by them to diſtin- 
guifh the celeſtial Motions. And when theſe Motions 

have been computed according to the Equal Time, 

it is neceſſary to turn that Time again into the Ap- 

parent Time, that theſe Motions may be obſerved 

by us, ho meaſure and Number our Times by the 

LURES ; | | apparent 
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arent Motion of the Sun. And on the contrary, Lectur 
yo Appearance in the Heavens, as for a XXV. 
an Eelipſe, were obſerved according to the Apparent 4 
Time, and, according to its A/tronomical Tables, were Re” 
to be examined, to ſee if they did agree with. it or 
not; it will be neceſſary to turn the Apparent Time 
into Equal Time, otherwiſe the obſerved Phenome- 
non will differ from that which is found by Compu- 
tation. | 

BECAUSE we know no Body in Nature, which 
preſerves conſtantly a perfect uniform Motion, and 
yet ſuch 4 Motion is only proper to meaſure equal 
Days and Hours; it is convenient to imagine ſome 
Body or Star, which moves in the Æquater Eaſt- 
ward, and which never quickens or flackens its Pace, 
but goes through the Equator, in preciſely the ſame 
Time as the Sun finiſhes his Period in the Ecliptick, 
The Motion of ſuch a Star will rightly repreſent _ 
equal Time, and its diurnal Motion in the 2a uator = 
will be daily. 59 8”, the ſame as in the mean Motion 
of the San in the Ecliptick: And therefore the equal The equat 
and middle Day is to be determined by the Arrival of aud, middle 
this Star to, the Meridian, and is equal to the Time 29 deter- 
in which the whole Circumference of the Aquater, 4 
or 360 Degrees, paſſes the Meridian; and beſides that 
59 8“: And becauſe this Addition of 598“ always 
temains the ſame, all theſe mean Days will be con- 
ſtantly equal to each other. 3 

SINCE the Sun goes unequally Eaſtward 15718 N 7 
to the Equator, ſometimes it will come to the Mert- 
dian ſooner than: this imaginary Star, and ſometimes 
he will touch it later than it does; and the Difference 
is that which is between the true and Apparent Time, 
And this Difference is known by having the Place of 
the imaginary Star in the Equator, and the Point 
of the Æquator, which comes to the Meridian with 
the Sun; for the Arch intercepted between them, 
being converted into Time, ſhews the Difference be- 
tween Equal and Apparent Time, which is called the 3, Kaus. 
Equation of Time. And it is the Time that flows, tion os | 

| while Time, 
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Lecture while the Arch of the Æquator, intercepted between 
XXV. the Point determining the Right Aſcenſion of the Sun, 
— hong the Place of the imaginary Star, paſſes the Meri. 
ben te LET Æ Q be a Portion of the Equinoctial, EC 
Apparent of the Ecliptick, in which imagine S to be the Place 
Time is of the Sun, SA a Circle of Declination paſſing thro' 
e than the Sun, and meeting with the Equator in A, which 
be true. vill be the Point which comes to the Meridian with 
the Sun. Suppoſe m to be the Place of the imaginary 
Star, which performs its Period in the Æquator with 
an equal Motion: And when the Sun has arrived at 
the Meridian, our imaginary Star will be diſtant from 
it, by the Arch mA; and if the Point m be Eaſt- 
ward of the Point A, it will come later to the Me. 
Table Tidian than it, and the Apparent Time will be faſter 
XXIII. than the mean; but if the Place of the Star m be 
Fig. 3, 4+ more Weſterly than A, it will ſooner arrive at the 
Ven Meridian, and the Apparent Time is flower than the 
* an mean. And the Arch of the ZEquator A m, con- 
ite verted into Time, is the Equation ; which being ad- 
died to, or ſubtracted from, the Apparent Time, gives 
the true, according as the Point m is to the Eaſt or 
Weſt of the Point A; and then we have the true 
Time. For to know the Poſition of the Point A, in 
De Equa- feſpect of m, and the Quantity of the Arch An, 
tion of take in the ZEquator the Arch Y or s, equal to 
Time con- the ꝙ S or < Sin the Ecliptick; and then the Arch 
| fs of 50 % Will be the Diſtance between the true and mean 
Place of the Sun, which therefore is given by the 
Sun's Azomaly ; but the Arch As is the Difference 
between the Hypothenuſe wp S of the right-angled Tri- 
angle 4+ S A, and its Side or Baſe ꝙ A, which may 
be found by Trigonometry. Moreover, the Arch An 
is equal to either the Sum or Difference of the Arches 
As and sm; and therefore, when they are known, 

the Arch A m will be likewiſe known. 1 
Mok EO VER, we muſt obſerve, that in the firſt 
and third Quadrant of the Ecliptick, the Point 5 
falls upon the Eaſt-fide of the Point A: And —_ 
| | ors 
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fore the Arch A's, being turned into Time, is to be Lecture 

ſubtracted, becauſe the Point S comes later to the XV 

Meridian than the Point A does. But in the ſecond 3 

and fourth Quadrants, the Point s is more Weſterly 73, Effect 

than A, and arrives at the Meridian before it: And of the two 

therefore the Arch As, turned into Time, is to be Partsſeve- 

added, to get the Time when the Point S arrives at e 

the Meridian. Suppoſe, for Example, As be two Plaine. 

Degrees, as it is when the Sun is in the 20th Degree 

of M; this Arch, turned into Time, is 8 Minutes: 

And therefore we mult add 8' to the Apparent Time, 

to have the Time when the Point S comes to the 

Meridian. | Fe: 
MoREoOVER, in the firſt Semicircle of Ang- 

maly, that is, while the Sun, in this preſent Age, 

goes from the ſeventh Degree of 25 to the ſe- 

venth of i, the mean Motion of the Sun is 

greater than its true Motion; therefore, then, the 

middle Place precedes the true Place. And therefore 

in all that Semicircle the Point will be to the 

Eaft of the Point s; and the Arch ms, turned into 

Time, is to be ſubtracted from the Time that the 

Point S reaches the Meridian: But in the other Se- 

micircle of Anomaly, after the Sun has left the Pe- 

rigæon, or rather the Earth the Perihelion, the mean 

Motion is leſs than the true, and then the mean 

Place follows the true; and conſequently the Point 

m is to the Weſt of the Point S, and comes ſooner 

to the Meridian than it does: And therefore the 

Arch ms, turned into Time, is to be added to the 

Time in which S touches the Meridian, Having 

now the Diſtance of Tine, between the Coming of 

the Point n to the Meridian, and the Coming of 

the Point S to the fame; as alſo the Diſtance of 

Time, between the Arrivals of the Points's and A 

to the Meridian; we ſhall have the Diſtance of 

Time between the Coming of the Point m to the 

Meridian, and of the Point A's Arrival to the 

fame ; that is, we ſhall have the Difference between 


the 


NY 


Lecture the Apparent and true Time, which is the Equation ef 
XXV. Time. 

wa, For the equating of Time, the Aſtronamers com- 

Taue Ta poſe two Tables; one for the Arch s m, which is to 

bles fir be entered into with the {Anomaly of the Sun: And if 

Ns the Point u be Weſtward of the Point 5, they mark 

it with , or the Sign of Addition; but if it be on 

the other Side, they place — ,or of Subtraction. The 

 - Other Table is for the Arch s A, which is the Diffe. 

rence between the Place of the Sus in the Ecliptick, 

and his Right Aſcenſion. And the Equations of this 

Table are hkewiſe marked with the Sines of Addition 

or Subtraction, as the Point s is in the Weſt or Eaſt 

of the Point A. The Sum of theſe two Equations, 

if they be of the ſame Kind; that is, both to be 

added, or both to be ſubtracted; or their Difference, 

if their Aﬀections be of different Kinds, make up the 

abſolute Eguation 4 Time. | Ss | 

The Tem- THE Artiſts likewiſe make a Table compoſed 

222 of both the former; but it will only ſerve for a 

Time: Vet it may be uſed for a whole Age with« 

out any ſenſible Error; for the ſame Degree of 

Anxamaly keeps nearly in the fame Degree of the 

Ecliptick, the Space of an Age: And therefore for 

the Space of 50 Years | theſe two Equations may 

be joined: in ene. But becauſe: of the Preeeſſion 

of the Equinoxes, the Sun's Apagæon, in Proceſs 

af Time, changes its Place in the Eeliptick, and 

goes Eaſterly with the fixed Stars: And therefore, 

in different Ages, the ſame Degrees of Anomaly 

will fall upon different Degrees of the Ecliptick: 

| And therefore, one Table will not ſerve for all 

When the FHR imaginary Star, by whoſe. equal Motion 

folar Days we meaſure Time, goes conſtantly and uniform- 

bee 0 be ly forward to the Eaſt: But the Point A, which 

be mean. determines the Right Aſcenſion of the Sus, and 

marks out the Apparent Time, has, av it were, a 

Libration, or goes backwards and forwards in 

e 5 reſpect 
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reſpect of m: Sometimes it gets to the Eaſt of , Lecture 
and ſometimes is to the Weſt of it, and ſometimes XXV. 
coincides with it. And therefore when the Point A 
has its relative Motion in reſpe& of m Eaſtward, the 
Point A is more Eaſt than the Star m, and then the 
Days are longer than the mean Days, which are 
meaſured by equa! Time; and the faſter the Point A 
oes to the Eaſt, ſo much the longer are the ſolar 
8 For, beſides the Revolution of the whole 
Heavens, the Arch to be added to make up the ſolar 
Day is greater, becauſe the Point A goes a greater 
Space Eaſtward, Hence it follows, that as ſoon as 
the relative Motion of the Point A begins to be 
Eaſtward, the ſolar Days begin likewiſe to be longer 
than the mean Days. I ſpeak of the relative Motion 
in regard of the Point mn, for the abſolute Motion of 
A is always Eaftward; but when the Point A is 
gone its fartheft Diftance from m to the Eaſt, then 
it begins to come back again to m, and has its rela- 
tive Motion Weſtward : But before that, the Point 
A will be for a while ſtationary in reſpect of m, in 
the middle Time between its Receſs and Acceſs ; 
and then the ſolar Days will be equal to the mean #7er the 
Days, and in theſe Points the Equations will be PT Hs na 
2 When the Motion of the Point A to the ae _ 
alt is quickeſt, there the Days become the longeſt; 
and where it is the ſloweſt, that is, where the Motion 
relative to m is Weſtward, and greateſt, there the 
Days are ſhorteſt. In the preſent Age wherein we 
live, when the Sun is in the 1oth Degree of Scorpio, 
the Point is at its fartheſt Diſtance from m to the 
Weſt of it; and its Diſtance then amounts to 4.9 
2' 45', and therefore the greateſt Equation in Time j; ,,4,s 
is 16 11”, From thence the Days begin to in- Times of 
creaſe, till the Sun comes to 224 Degrees of Aqua- the Year 
1 _ it has gone to its fartheſt . ee from earn... 
m Eaſtward, it being there removed 3 Degrees 42+ ys 
Minutes, whence the greateſt 2 of Tims * 
14 50“: And from thence the relative Motion of 
the Point A begins again - the Weſtward, till _ 
_ | HR 
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Lecture Susa comes to the 24th Degree of ; Taurus, or the 
XXV. Bull; and there the Point A is removed from mn 1 


Deg. 1: Min. to the Weſt of the Star m, and the 
greatet Equation of Time is 4 6", Thence it re- 
turns again to m, and moves eaſterly, till the Sun 
comes into the 3: Deg. of the Lion; where A is 
diſtant from m x Deg. 28+ Min. and the greateſt 
Equation of Time is 5 53": And from thence its 
Motion begins to be to the Weſt, till the Sun ar- 
rives at the xoth of the Scorpion, and thereabouts it 
changes its Courſe and goes Eaſtward. It is plain 
that when the Points A and m coincide, that ther 
the mean and apparent Time muſt likewiſe coincide, 
Hence, if we have a Pendulum Clock, accurately 
and nicely fitted, and the Motion of the Hand ſet 
to equal or true Time, the Hand of this Clock will 
always Point out the Time different from the ſolar 
Time ſhewed by a Sun-dial; except four Times a 
Year, which is about the 4th of April, the 6th of 
June, the 20th of Auguſt, and the.13th of December. 
At all other Times the Hour, by the Sun-Dial, 
will either be before, or later than that ſhewed by 
the Hand of the Clock': And about the 23d of Oc- 
tober the Clock will differ moſt of all from the Sun, 
Where its Motion is flower than the ſolar Time by 
16 117. | | 

Ir you inquire in what Points the Equations are 
the greateſt, the eminent Dr, Edmund Halley, who 
for his great Inventions is never to be mentioned by 
Aſtronomers without Honour, has given us the Solution 
of this Problem. But to underſtand it, we muſt firſt 
lay down the following Lemma. 


LEM M A. 


IF any plain Figure be e nt orthographically on 
a Plane, which is done by letting fall, from every Point 

of it, Perpendiculars on the Plane of Projection, the 
Area of that Projettion of the Figure will war the 
| Tgnre 
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Figure projected, as the Co-ſine of the Inclination of th Lecture 
Planes ts to the Radius. : | XXV. 
Fox any Figure can always be reſolved into Paral- | 
Jelograms, or Triangles, whoſe Baſes are parallel to 
the common Section of the Planes, and therefore they 
will be parallel to the Plane. on which they are pro- 
jected: Wherefore the Baſes of theſe Pafallelograms, 
or Triangles, and their Projections on the Plane, are 
always equal to each other, and parallel, as we have 
ſhewed in Lecture XIII. But the Perpendiculars let 
fall from the Summits, or Tops of the Triangles, 
and Parallelograms upon the Baſes, are alſo Perpen- 
dicular to the common Section of the Planes, by the 
29th of the firſt EI. And therefore the Inclination 
of the Perpendiculars to the Plane is equa] to the 
Inclination of the Planes to each other. And con- 
ſequently the Projections of theſe Perpendiculars will 
be to the Perpendiculars themſelves, as the 'Co-fine 
of the Inclination of the Plane is to the Radius. 
Wherefore every Parallelogram, or Triangle, is pro- 
jected into another, whoſe Baſe is equal to the Baſe 
| of the Triangle, or Parallelogram projected; and 
its Height is to the Height of the Figure projected, 


as the Co- ſine of the Inclination of the Planes is to 
| the Radius. But Triangles and Parallelograms, whoſe 
Baſes are equal, are as the Perpendiculars let fall from 


the Tops upon the Baſes. The Projection therefore 
of each Triangle is to the Triangle projected, in a 
conſtant and given Proportion ; conſequently, all the 
Projections of all the Triangles, or Parallelograms, 
are to the Figures projected in the ſame Proportion; 
that is, the Prejestion is to the Figure projected, as | 
the Co-fine of the Inclination is to the Radius. y 
IF the Orbit of the Earth be orthographically 1 
projected on the Plane of the Æquator, by letting J 
fall from each of its Points Perpendiculars, the 
Projection will be an Ellipſe, in whoſe Perimeter 
the Extremity of a right Line, let fall from the Earth 
perpendicular to the Plane of the Æquator. will 
| "Wl conſtantly 
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Lecture conftantly move: And this Point, by its Motion, 
XXV. will mark out the right Aſcenſion of the Earth, or 
its Motion according to the ZEquator, as it is to be 
cen from the Sun; to which the right Aſcenſion of 
Plate the Sun, ſeen from the Zarth, is always equal. Let 
XXIII. Y A C be the Ellipſe in which the Orbit of the 
Fig. 5 Earth is projected, S the Point of Projection of the 
| Sun's Center, Y S = the common Interſection of the 
Equator and the Ecliptick, A any Point, where a 
Perpendicular from the Earth meets with the Projec- 
tion: The Angle Y SA will meaſure the right Aſ- 
cenſion of the Sun. Now, I ſay, that this Point A, 

which marks out the Motion of right Aſcenſion, will 

ſo proceed in the Ellipſe 1 A & C, that it will de- 

ſcribe, about the Point S, elliptick Areas proportional 

to the Times. For, in a given Time, let A move 
through theelliptick Arch AB; draw the Lines AS, 

and BS; and the trilineal Figure ASB will be the 
Projection of the correſpondent Area, which the Zarth 

deſcribes in the Plane of the Ecliptick, in the fan 

Time round the Sun: And therefore the Projection 

AS B will be to the correſpondent Area in the Earth's 

_ elliptick Orbit, as the Co-fine of the Inclination of the 
Aquator, and the Ecliptick, is to the Radius. But in 
the ſame Proportion is the whole elliptick Area vp A 

C, to the whole Area of the Zarth's Orbit: There- 

fore, by Permutation of Proportion, the trilineal 
Figure ASB will be to the whole eltiptick Area 

A C, as the Area, deſcribed in the Earib's Orbit 

round the Sun, is to the whole Area of the Earth's 

Cos that-is, as the Time in which that Area in 

he Orbit of the Earth, or the Area As B in the Pro- 

jection, as deſcribed, is to the whole periodical Time. 
Therefore, the Point A moves in the Perimeter of the 
Eflipſe at ſuch a Rate, that it deſcribes, about 8 
Areas that are continually proportional to the Times. 
ITE fame Things being laid down; at the Center 

8, and Diſtance 8 A, which is à mean Proportional 
between half the greater and half the leffer Axis of 

the Ellipſe, deſeribe a Circle; this Circle will be 
F f equal 
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equal to the whole elliptick Area; as it is eaſy to Lecture 


demonſtrate from the Doctrine of the Conzch Sections. 
This Circle will cut the Ellipſis in four Points, 


E, F, G, H: The Points of Interſection ſhew the Plate 

right Aſcenſions of the Sun, where the Equations are XXIII. 

Fe erz Imagine a Point M to move uniformly in Fig. 6. 
Periphery of the Circle; its Motion will then re- 


preſent the Motion of our imaginary Star n, and will 
deſcribe, about the Point 8, circular Sectors that are 


proportional to the Time: And becauſe the Area of 


the whole Circle, and the Area of the Ellipſe, are 
equal, the Areas of the elliptick Sectors, and of the 
circular Sectors, deſcribed in the ſame Time, will 
be conſtantly equal. Let us now ſuppoſe, that the 
Point M, in the Periphery of the Circle, and the 
Point that marks out the Sun's right Aſcenſion in the 
Ellipſe, be placed, at the ſame Time, both in the 
right Line 8 LM. Let theſe Points afterwards 

in m and A, then tae elliptick Area L SA will be 
equal to the circular Sector M Sm: And becauſe 


the Arch Mm is without the Ellipſe, the Angle 


Msn will be leſs than the Angle MS A, and the 


Difference of the Angles meaſured by the Arch 
mA, which is the Eguation ' of Time. When the 


Point, which marks out the right Aſcenſion of the 
Sun, comes to the Interſection F of the Circle and 
Ellipſe, there its angular Motion round the Sun will 
be equal to the ang Dar Motion of the Point n; for 
the Areas mSn, and ASF, are equal, they being 


* 
£ 


both deſcribed in the ſame Moment of Time, and at 


the fame Diſtance from S; and conſequently the 
Arch g F is equal to the Arch n. In the Point, 
therefore, F, the Motion of right Aſcenſion is equal 
to the Motion of the imaginary Star, or equal to the 
mean Motion. The ſame Thing may be ſhewed at 
G, H, and E: But it was ſhewed before, that where 
the Motion of right Aſcenſion was equal to the Mo- 
tion of the Point m, that there the Equations are 

teſt. Wherefore, in the Points F, G, H, and E, 

are the Equations greateſt. | $i 

Us | 1 3 | | Ir 
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Lecture Ix you inquire in what Points the Days are longeſt 
XXV. or ſhorteſt, the ſame eminent Dr. Halley has alſo 
waa. given us a geometrical Solution of this Problem. Let 
Which are M gs & V be the Ellipſe into which the Earth's Or- 
— 7 bit is projected, S the Point of the Sun's Center, and 
ahh K the Center of the Ellipſe. Produce K S on each 
ewhere the Hand, ſa that K G and 8 H may be to KS (which 
Days are is the Projection of the Eccentricity) as the Square 
longeſt, and of the Radius is to the Square of the Sine of the 
7 Port Obliquity of the Ecliptick ; Thro' K draw ꝙ => pa- 

Plate Tallel to the common Section of the Æquator and 
XXIII. Ecliptick, and cut it at right Angles with the Line 
Fig, 7. gs K yy: Thro' G draw G F, and thro' H draw 

FH, parallel to the Lines 25 Vf and Y ; and thro' 

S and K deſcribe the Hyperbola A B, whoſe Aſymtots 
are FG, FH. This Hyperbola, and its oppoſite 
CD, will cut the Ellipſe in the Points that are re- 
uired ; that is, when the Fun is in the Points of 
he Ecliptick which correſpond with B and D, then 
the Days are the longeſt, and in B the Days are 
longer than in D: But the Points of the Ecliptick, 
which anſwer to A and C, give us the Places where 


+ << ASR 


-where the right Lines 8 A and 80 are the greateſt; 
and in the Points B and D, where the right Lines 
8B and S D are the leaſt: For in theſe Points the 
Hom SA, SB, SC, SD, are perpendicular to the 

. : Curve, 


and therefore the Days will be then the longeſt; and 


. N p - 
1» FH 
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come to an Oppoſition with the Sun, they then har is i 
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Eurve. Hence the Motion of the Sun, according to Lecture 
his Right Aſcenſion, will be quickeſt in B and D; XXVI. 


the Motion being ſloweſt in C and A, the Days will — 
be there the ſhorteſt, ET | 


LECTURE XXVI. 


Of the Theories of the other Planets. 


F TER having explained the Theory 73: 4s. 
of the Earths Sad Motion, and ries of the 
A ſhewed the Methods by which the Form Planets at- 
of its Orbit, and the Poſition of the —_— 
Agpſides, are determined, we may then, Aiottau. 
elp of Aſtronomical Tables, compute, for 
any Time, the Place of the Earth in the Ecliptick 
from the Sun, and its oppoſite Point in which 
the Sun appears to be, as he is obſerved by us. 
We will now come to explain the Theories of the 
other Planets, the Knowledge of which cannot be at- 
tained without the Earth's Motion being perfectly 
known. | | 
Bur the Periods of the Planets, or the Times 73e 3. 
they take to complete their Circulations, are to be centrick 
found out in the firſt Place. For which Purpoſe genen 
we muſt obſerve, that when any ſuperior Planets 


appear in the ſame Point of the Ecliptick, ſeen Oppojition 
from the Earth, as they would do if the Eye were ie be Sun 
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328 ASTRONOMICAL 
Lecture in the Sun, and obſerved them from thence ; as alſe 
XXVI. the inferior Planets, when they are in Conjunction 
with the Sun, and are obſerved in the Sun's Dis; 
If there were an Obſerver in the San, he would 
ſee them in the oppoſite Point of the Eeliptick 
in which we behold them: And therefore, when- 
ever a ſuperior Planet is in Oppoſition to the Sun, 
his heliocentrick and geocentrick Places coincide ; 
but when an inferior Planet is in ConjunCtion 
with the San, and is feen in his Diſk, the helie- 
centrick and geocentrick Places are oppoſite to each 
other. Moreover, in the inferior Planets, when 
they are at their greateſt Elongations from the Sun, 
the Angle at the Sun's Center, contained between 
the right Lines drawn to the Earth and Planet, 
is nearly the Complement of the Elongation: For 
in Orbits which are nearly circular, a Line touch- 
ing the Orbit is almoſt perpendicular to the Line 
drawn from the Sun to the Point of Contact: 
And therefore that Angle will be given. But we 
hate the Point of the Ecliptick, in which the. Earth 
is at that Time ſeen from the Sun; and conſe- 
quently the Point of the Ecliptick, in which the 
Planet is, ſeen from the Sun. And therefore, in 
_ theſe Pofitions, we have the heliocentrick Places of 
the Planets, „ | 185 1 
Hoau to [I then any ſuperior Planet, as for Example, 
find nearly Jupiter, were obſerved when he is in Oppoſition 
ins of © the Sun; and again, if he were likewiſe ob- 
a Planet. ſerved when he comes next in Oppoſition to the 
Sun; we ſhall hac that Arch which the Planet, 
_ ſeen from the Sun, has in the mean Time deſcribed, 
Say, as that Arch is to the whole Circumference, 
ſo is the Time between the Obſervations to a Fourth, 
which will be nearly' the periodical Time of the 
Planet. After the ſame Manner, by obſerving two 
heliocentrick Places of an inferior Flanet, we may 
nearly collect its periodical Time, I fay nearly, 
and not exactly; for the Calculation ing 
WE : F ; gr t b 
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that the Motion of the Planet is in a Cirele, and that Lecture 
ge the whole Period it is uniform, Which is not XXV. 


t HE following Method for finding the periodical A more ar- 
Time is mare accurate. Obſerve a Planet twice curate Mex 
ſucceſſively in the ſame Node ; that is, let there be — the 
two Obſervations, when the Planet about the ſame — 
Part of its Orbit has no Latitude, which can only 
happen when the Planet has really no Latitude, and 
is placed in its Node: The Time between the two 
Obſervations will be equal ta the periodical Time 
of the Planet. For, becauſe all the Planets move in 
Orbits, whoſe Planes are different from the Plane 
of the Ecliptick, and the Sun is in the common 
Focus of all the Orbits, theſe Planes will all cut 
the Ecliptick in Lines which pafs through the Sus, 
and in the Interſections of theſe Lines with. the 
Ecliptick are the Nodes; and the Planet, in the 
whole Time of its Period, can never be obſerved 
but once, in one and the ſame Node. Now, the 
Nodes are either at reſt, or they have a very ſlow - 
Motion, ſo that, for the Space- of one Period, they 
may be eſteemed as at reft. And therefore, if we 
know the Time between two Arrivals of a Planet 
at the ſame Node, immediately following each other, 
we - ſhall likewiſe know the Time of 2 Planet's 
Period. | 
By the very a Obſervations, if we have the 
Theory of the Earth's Motion, we can find the 
Poſition of the Line of the Nodes, or the Points of 
the Ecliptick, in which that Line does interſect 
it. Let ATB be the Orbit of the Earth, CND 
the Orbit of the Planet, NS u the Line of the 
Nodes; and in the firſt Obſervation, ſuppoſe the 
Earth in T, and the Planet to be obſerved in N: | 
And, becauſe the Place of the Planet, feen from Table 
the Earth, is known by Obſeryation, and the appa- r XXIV. 
rent Place of the Sun, at the Time, is known by is: 1. 
the Theory of the Zarth's Motion we have the 
Arch of the Ecliptick, between the two Places, _- 
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Lecture the Meaſure of the Angle NTS. In the ſecond Ob- 
XXVI. ſervation, let the Earth be in t, and the Planet in 
he ſame Node N, and we ſhall have, by the fame 
1 Way, the Angle NfS. In the right-lined Tri- 
# angle T St, we have the Sides T 8, 18, and the 
Angle T St, which is known by the Theory of the 
_ Earth; therefore, by Trigonometry, we can find the 
Angles 8ST, and 5. T. as likewiſe the Side : T: 
Therefore, from the known Angles 8 Tr, take away 
the known Angle 8 T N, and we ſhall have the 
Angle N Tz. To the known Angle nt S, add the 
Angle 8 T, which was found out, and we have 
the Angle NTT. Then, in the Triangle Nt T, we 
| have all the Angles, and the Side f T; conſe- 
quently, we ſhall have the Side NT, the Diſtance 
of the Planet from the Earth, at the firſt Obſerva- 
tion. Laſtly, in the Triangle NTS, we have the 
Sides NT and TS, and the Angle NT 8, which 
was known by Obſervation ; conſequently we ſhall 
Hew ts find the Side NS, the Diſtance of the Planer from 
Ard the Po- the Sun, when he is in the Node, and the Angle 
fition of the T 8 N, which ſhews the Poſitions of the Line of the 
Naden. Nodes; for that Point of the Ecliptick which the 
| Earth is in, ſeen from the Sun in the Time of the 
Obſervation, is known; and the Angle TS N is 
likewiſe known: Therefore we have the Point of 
the Ecliptick N, in which the Node is placed, ſeen 
from the Sun; and the Point u oppoſite ta it will be 
the Place of the other Node. And therefore the Poſi- 

Te find the tion of the Nodes is found. 
Trilinatin IHE Places of the Nodes being once determined, 
of the Pla. we ſhall eaſily find the Inclination of the Plane of 
et Orb the Planet's Orbit to the Ecliptick: For baving the 
te the E. Places of the Nodes, we can find the Time when 
efprick. the Earth, ſeen from the Sun, is in one of them. 
At the ſame Time, obſerve the geacentrick Latitude 
; of the Planet, and his Diftance from the oppoſite 
Plate Node: Then the geocentrict Latitude of the Planet is 
XXIV. equal to the Heliocentrict Latitude it will have, when 
Fig-22 ſeen from the Sun, at the ſame Diſtances from the 


ode; 
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Node; that is, make the Angle 18 equal to the Lecture 
Angle NP, and the Latitude of the Planet at 3 XXVI. 
obſerved from 8, will be equal to its Latitude at P, — 
obſerved from N. For let C PD be the Orbit of the 
Planet, NS the Line of the Nodes, BN T a Por- 
tion of the Orbit of the Earth, in which ſuppoſe the 
Eartb to be at N, in the Line of the Nodes, and the 
Planet in its Orbit to be at P; and then the Sun, 
Earth and Planet, will be all in the Plane of the Pla- 
net's Orbit. From the Point P, on the Ecliptick's 
Plane, let fall the Perpendicular PE, and in the 
Plane of the Ecliptick draw the Line NE, then the 
Plane of the Triangle NPE will be perpendicular to 
the Ecliptick, and the Angle PNE will be the viſible 
Latitude of the Planet, ſeen from the Earth. Thro 
8, draw S p F parallel to NP, and pe parallel to PE; 
and the Plane through Sp, and pe will be parallel 
to the Plane NPE, and conſequently perpendicular 
to the Plane of the Ecliptick z and eee Se, the 
common Section of the Ecliptick with this Plane, will 
be parallel to NE. And becauſe NP and NE are 
parallel to Sp and Se, the Angle p Se, the Heliocen- 
trick Latitude, will be equal to the Angle PN E, the 
Latitude of the Planet obſerved from the Earth, in the 
Node N. | 
LET nf be a Portion of the Planet's Orbit, ex- 
tended to the Heavens, 2h a Portion of the Eclip- 
tick, Fh a Circle of Latitude paſſing through the helz- 
centrick Place of the Planet. In the right-angled ſphe- 
rical Triangle » fh, having » h, the Diſtance of the 
Planet from the Node, equal to what was obſerved 
when the Earth was at N, and the Latitude 55, 
equa] alſo to what was obſerved at N, we can find 
from thence the Angle þ nf, the Inclination of the 
Plane of the Orbit of the Ecliptick, which was to be 
found out, | 5 | 
Having once found out this Inclination, by 
Obſervation we can find out the heliocentrick Place of 
the Planet, and his Diſtance from the Sun, whenever 
he comes in Qppoſition to the dun. 


Let 


lon | 
Lecture LET AT B be the Orbit of the Farth, DPE 


XX V1. the Orbit of the Planet: Suppoſe the Planet in P, 
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= and the Earth in T, and NS the Line of Nodes, 


How to 
the he- 
iocentrick 
Place and 
Diftance 
From the 
Sun, when 
the Planet 
is in Oppo- 
fition 54 the 


Sun. 


Plate 
XXIV. 


Fig. LL 


To find the TOUGH a 
heliocen- 
trick Place 
end Diſ- 


farce, 


in which the Sun is in 8. The Planet being in Op- 
poſition to the Sun, its Place, reduced ta the Eclip- 
tick, will be in the Line 8 T, which paſſes through 
the Earth. Obſerve the Angle PT E, the Planet's 
eacentrick Latitude, and we have the Angle PS T, his 
aer Latitude, becauſe we have the Planet's 
Diftance from the Node, Likewiſe, by the Fheory 
of the Earth's Motion, we have 8 T, its Diſtance from 
the Sun. And therefore, in the Triangle P ST, hav- 
ing all the Angles and one Side 8 T, we ſhall find 
SP, the Diſtance of the Planet from the Sun; and 
the Angle PSR, the Diſtance of the Planet from the 
Node, is found by the hekocentrick Latitude; by which 
Means, we haye the Place of the Planet in its own 
Orbit. In the ſame Manner, if we have any other 
two Obſervations of the fame Planet, in a Poſition or 
Aſpect oppoſite ta the Sun, we ſhall have the Poſition 
and Magnitude of three Lines, through whoſe Extre- 
mities the Planet's Orb paſſes, and the Sun is in one 
of the Foc: of the Orbit. And therefore, to deter- 
mine this Orbit, its Form and Poſition, we muſt de- 
ſcribe an Ellipſe, whoſe Focus is given, and which 
will paſs through three given Points. The Geameters 
ſhew ihe Method of conſtructing this Problem, and 
we will likewiſe give the Solution of it hereafter. 
Planer were not in an acronical Po- 
ſition, but in any other Aﬀpect beſides, in Qppoſi- 
tion to the Sun; yet, by one Obſervation, its Diſ- 
tance from the Sun, and heliocentrick Place, may be 


o 


po the found. Suppoſe PAE the Orbit of the Planet, 


f ts 


TGH the Orbit of the Earth. Let the Earth be 


in T, and the Planet in P, and the Sun in S, in the 


Line of the Nodes N S. From P let fall the Perpen- 
dicular PB, on the Plane of the Ecliptick : Draw 
BT, and produce it, till it meets with the Line of 
the Nodes in N, and the Plane of the Friangle 
NPB will be perpendicular to the Plane of the 

3 _ Ecliptick, 
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Ecliptick. Let the Line C T be alfo perpendicular Lecture 
to it, and meet with the Plane of the Planet's Orb XXVI. 
in C. From T, upon the Line SN, let fall the 
Perpendicular ID; join the Points D and C, and 
the Angle T DC will be the Inclination of the Pla- 
net's Orbit to the Ecliptick, which Angle is there- 
fore given. Obſerve the Angle -B TP, the Planet's 
geacentrick Latitude, and the Angle B T8, its Elon- 
gation from the Fun, according to the Ecliptick. In 
the Triangle NT 8, from the Theory of the Earth, 
we have the Side S T, the Diſtance of the Earth from 
the Sun, and the Angle T SN, which is known by 
the Place of the Earth and Node, in the Ecliptick, 
as alſo the Angle S TN, the Complement of the 
Angle 8 TB to two Right Angles: Hence we ſhall | 
have NT. In the right-angled Triangle TS D, hav- 1 
ing T8, and the Angle TS D, we ſhall find T D; 
and therefore, in the right-angled Triangle T DC, 1 
having TD, and the Angle TDC, the Inclination [+ 
of the Orbit to the Ecliptick, we ſhall find the Side 9 
TC. In che right-angled Triangle T CN, we have 1 


K 
TC and NT; and therefore we can find the | 1 
— TNC. And again, in the Triangle N TP, 
we 


ave all the Angles; for the Angle NTP is 1 
the Latitude of the Planet found by Obſervation, or 
its Complement to two Right 'Angles, and the Angle 
PN T juſt now found, as alſo the Side NT; where- 
fore we ſhall find the Side TP. In the Triangle 
rr lar at B, we have the Side T P, and 
the Angle PTB, which is the Latitude obſerved; 
wherefore, we ſhall have the Sides B T and BP. 
And in the Triangle TS B, having TB and TS, 
and the Angle B T'S, we ſhall have the Side 8 B, 
which is called the curtate Diſiance of the Planet 
from the Sun, as alſo the Angle TSB, and, conſe- 
quently, the hellocentrick Place of the Planet reduced 
to the Ecliptick. Laſtly, In the Triangle P BS we 
have the Sides PB, BS, and by them we ſhall have 
S8 P, the Diftance of the Planet from the Sun, and 
the Angle PSB, the belivcentrick Latitude of the 
Planet. But having the Heliocentrict Latitude, mo 
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Lecture the Inclination of the planetary Orbit to the Ecliptick, 
XXVI. we can find the Planet's Diſtance from the Node, 


and, conſequently, his Diſtance from the Node, in 
his proper Orbit, and his centrick Place, as ſeen 
from the Sur. If, by this Method, we find out two 
other bhelzacentrick Places of the Planet, and the Diſ- 
tances from the Sun, having likewiſe the Focus of the 


Orbit, which is the Center of the Sun, we may de- 


ſeribe an Ellipſe, which ſhall paſs through the giveh 
Points, and be the Orbit of the Planet. | 

TE moſt ingenious Dr. Halley contrived an- 
other Method for finding out the centrical Places of 
the Planet, and its Diſtances from the Sun; which 
ſuppoſes only, that the periodical Time of the Pla- 
net is known. Let E LB be the Orbit of the 
Earth, S the Sun, P the Planet, or rather the Point 
in the Plane of the Ecliptick on which the Perpen- 
dicular let fall from the Planet meets that Plane. 
And firſt, when the Earth is in K, obſerve the geo- 
centrick Longitude. of the Planet, and having the 
Theory of the Earth, we have the apparent Longi- 

itude of the Sun; wherefore we have the Angle 

KS. The Planet, after it has completed an in- 
tire Revolution, does again return to the ſame 
Point P; at which Time ſuppoſe the Eartb in L, and 
there again let the Planet be obſerved, and find the 
Angle PLS, the Elongation of the Planet from the 
Sun. Having the Times of the Obſervations, we 
have the Places of the Earth in the Ecliptick, or the 
Points K and L, and conſequently, the Angle 
LS K, and the Sides LS and SK; wherefore we 
mall have the Angles S K L and SLK, and the 
Side L K. From the known Angles S K P and 
SLP, take away the known Angles S K L and 
SLK, and we ſhall have the Angles PK L and 
PL K known; therefore, in the Triangle PL K, 
having all the three Angles and the Side LK, 
we ſhall find the Side PL; and, in the Triangle 
PLS, having the Sides PL and LS, and the in- 
tercepted Angle PLS, we ſhall have the Angle 
LS P, which determines the Heliocentricł 3 | 


che heliocentrict, ſo is the curtate Diſtance of the Pla- 


tance of the Planet from the Sun, we can find out the 


may be to SA, as K D is to SD; and alſo Ga . 


Apſides and Foci, we deſcribe an Ellipſe, it will be 
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and its Diſtance from the Node, according to the Lecture 
Ecliptick, as alſo the Side SP, But, as the Tan- XXVI. 
gent of the geocentrick Latitude is to the Tangent of 


net from the Sun to its curtate Diſtance from the Earth. 
But, by Obſervations, we have the Planet's geocen- 
trick Latitude, wherefore its Heliocentrick Latitude 
will alſo be found. By which, and the curtate Diſ- 


true Diſtance wkich was wanted. If, by this Means, 
we acquire three heliocentrick Places of the Planet, 
and the correſpondent Diſtances from the Sun, we 
ſhall have the Form of the Orbit, and the Poſition of 
the Apſides, by deſcribing an Ellipſe, which will paſs 
„„ three given Points. This Ellipfis is deter- 
mined by the following Method. | 


I 
as DS is to CS; and alſo CE to EE, as CS is Pf 
to BS. Join FE, on which, from 8, Jet fall the aud Eccex- 
Perpendicular S G, which will give the Poſition of tricity. = 
the Axis. Draw the Lines DK, Ci and B H; Plate 
and cut SG in A, and produce it, ſo that G A . 


be to S a, in the ſame Proportion; and make s 4 
equal to SA. And the Points A and à are the 
Vertices or Apſides of the Orbit, whoſe Foci are 8 
and 5, and greater Axis Aa; and if, with theſe 


of the ſame Form with the Orbit of the Planet. 
For, becauſe SD is to CS, as FD is to FC, and 
ſo DK is to Ci; by Change of Proportion, DS 
is to D K, as CS is to Cz, and ſo is SB ta 
BH. Butas DS is to DK, fo, by Conſtruction, 
is SA to GA, and Sa to Ga; therefore, as 
SA: GA :: Sa—saorSs:aG— AG, or Aa. 
And, therefore, we have SD: DE :: SC: Ci 
:: SB: BH::Ss: Ag. But this is the Property 
of an Ellipſe whoſe Focus is 8, and greater _— 

1 | | A a, 
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| 1 Lecture A a, as is demonſtrated by the Writers of Conicks, 
1 XXVI. and particularly by Mr, AMiines, in his Treatiſe of Co- 


ict Sections, Part IV. Prop. 9. It is evident, there. 
| fore, that the Ellipſe deſcribed with the Foci 8 5, 
and "wy A a, will paſs through the Points B, C 
BECAUSE in Mironomy a Calculation is always 

preferable and more. uſeful than the neateſt Con- 
ſtruction, the Form and Poſition of the Ellipſe is 

in this Manner found out by Computation. In the 
Triangle DSC, having the Sides DS and CS and 


1 the Angle DS C, we can find out the Side DC, 
it with the Angles SCD and SDC; and, in the 
1 ſame Manner, we can find in the Triangle BSC 
1 | the Side BC, and the Angles SBC and $SCB: 
| And, becauſe we have the Ratio of DF to CF, 
i and we have D C, we fall alſo have CF. In 
vt like Manner, becauſe we have the Ratio of CE 
bt; to BE, and we have B C, we ſhall have CE 


and BE. But we have the Angle BCD, equal 
to the Sum of two known Angles, and, therefore, 
we have the Angle FCE, its Complement to two 
1 Right Angles. In the Triangle FCE we have 

B | the Sides FC and CE, and the Angle FCE; 
bt | - wherefore we can find the Angle F EC, and its 
| Complement to a Right, the Angle: CE; to which 
1 | adding the known Angle S CB, we have the whole 
1 Angle SCi. And becauſe 8 and Ci are paral- 
= lel, the Angle CSa is equal to the Angle S Cz: 
41 | | Having therefore the At CSa, we have. the 
. Poſition of the Axis. the right-angled Tri- 
1 angle E Ci, having E C and the Angle E, we 
| can find Cz; and, therefore, we can find the 
| | Proportion of CS to Ci. In the Friangle CSL, 
ö 1 | right-angled at L, we have the Angle CS L, the 
1 Complement of the Angle C 8 to two Right 
8 8 Angles and the Side CS: Therefore, we ſhall 
* have S L, to which adding L G, equal to Oi, 
1 we have the whole S G: And becauſe CS and 
Wl | Ci are known, their Proportion will be : 
| | IR - 8 


% gann we „ v-, 


AsCSis to Cz, ſo let SA be to AG, and ſo letS à Lecture 
to be a G, and ſo let $5 be to Ag, and we have the XXVI 
Apfides of the Ellipſe A and ay and its Foci Sands, 
which were to be found. A nf 

Wr ſhewed above, how by an Obſervation to find 
the helibcentrict Place of a Planet; and we have now 
ſhewed how to determine the Poſition of the Aphelion, 


by which Means we can find the Diſtance of a Pla- 


net from the Aphelion, at the Time of the Obſerva- 


tion; this Diſtance from the Aphelion is called the 


true or co-equated Anomaly of the Planet, But having 
the Eccentricity of the Orbit, and the eel 
Time, we ſhewed before how to find the Planet's 


mean Anomaly, in the Lecture in which we gave 


the Solution of Kepler's Problem; therefore, at the How 10 
Time of the Obſervation, we ſhall have the mean Aud @ Pla- 
Anomaly of the Planet, or the Place he would have 3 
in his Orbit, did he conſtantly proceed with the 15 
ſame angular Motion round the Sun. This being 
once obtained, we have the Planet's mean Motion for 
any other Time. For ſay, as the periodical Time of 
the Planet is to the Time between the Obſervation 
and the Moment of Time for which the mean Place 
is deſired, ſo is 360 Degrees, or a whole Circle, to a 
Fourth. This Arch, if the Time preceded the Ob- 
ſervation, being ſubtracted from the Place before 
found, or added to it, if it comes after the Obſerva- 
tion, will give the mean Place of the Planet for the 
Time propoſed. | 
FoR the more eaſily finding the mean Place of a 
Planet, for any Moment of Time, it will be eaſieſt to 
take out its Motion from the Aſtronomical Tables, 
in which is ſet down the Planet's mean Place or 
mean Anomaly, in the Beginning of any remarkable 
Zra; ſuch as is from the Birth of our Lord, the 


Era of Nabonaſſer, of the Creation, the Building of De Radix 


Rome, or the firſt Year of the Julian Period. he er Epock as. 

Places of the Planets, at theſe Inſtants of Time, 

are found by the preceding Methods, and are com- 

puted according to the wy of Equal Time, and 
| | not 
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338 ASTRONOMICAL 
Lecture not for the apparent Time, The Place for that Time 
XXVI. is called the Epocha or Radix, that is, the Root from 
= a7 which, as from an immoveable Foundation, all the 
Motions are calculated. 5 
1 Ir the Times be numbered by the Years from 
compute the Birth of CHRIS T, or from the Beginning of 
the mean the Fulian Period, it wilkbe moſt convenient that 
Anomaly. the Year take its he from that Mid-day 
which preceded the firſt of January; fo that at the 
Mid-day of the firſt of January there is one Day 
completely finiſhed. Say, as the periodical Time is 
to a common Year of 365 Days, ſo is a whole 
Circle, or 360 Degrees, to a Fourth, which will be 
the mean Motion of the Planet for one Year. In 
like Manner ſay, as the periodical Time is to a Day, 
ſo a whole Circle is to a Fourth, and we ſhall have 
the mean Anomaly pertaining to one Day, And 
by working with the like Proportion, we {hall have 
the mean Ancmaly for an Hour, and for every Mi- 
nute and Second. And if we md the Motion for 
one Year continually to itſelf, we ſhall have the Mo- 
tion in two, three, and four Years; But becauſe 
every fourth Year is Brſſextile, and conſiſts of 366 
Days, to the Motion of the fourth Year we muſt 
add the Motion of one Day ; then, by conſtantly 
adding the Motion of one Year, we ſhall have the 
Motion of five, ſix, and ſeven Years. But the Mo- 
tion of the eighth Tear is to be increaſed by the 
Motion of one Day, or rather the Motion of four 
Years is to be doubled, to have the Motion of eight 
Years, becauſe that Year is Bifſextile. From theſe. 
Motions, fo collected by Addition, we muſt always 
reject the whole Circles, or 360 Degrees; for after 
a Planet has completed its «73 it returns to the 
ſame Place, By this Method we have the mean 
Place of the Planets to twenty Years; and if the 
Motien- of twenty Years be conſtantly added to it- 
ſelf, we ſhall have the mean Place for 40, 60, 80, 
and 100 Years; and to each of them add the Mo- 
tion of ten Years, and we have the Motions and Places 
5 5 | for 
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for 30, 50, 70, and 90 Vears. And by the conti- Lecture 


nual Addition of the Motions of 1 


200, 300, 400, 500, Cc. Years, even to 1000: 
And proceeding in the fame Way, we ſhall have the 
Motion of 2000, 3000, 4000, and 5000 Years; and 
ſo as far as you will. 

TRESE Motions, being in this Way computed, 
are to be diſpoſed in Tables, which are called Tables 
of the mean Motion; or mean Anomaly, when they 
are numbered from the Aphelion; and they are found 
in Afronomical Tables for each Planet. But if the 
mean Motions are computed for the Equinoctial 
Points, inſtead of the periodical Time, you muſt take 
the Time the Planet revolves in the Zogiack, which 
is ſomewhat leſs than the periodical Time, becauſe of 
the Preceflion of the Equinoxes, by which the Inter- 
ſection of thoſe Points meet the Planet. If the Aphe= 
lion of the Planet be ſuppoſed to move, this Motion 


muſt be conſidered; and the Motion of the Equi- 


noxes, and of the Apbelia, (which, for aught we 
know, are equal but in the Moon) are likewiſe to be 
computed and diſpoſed in Tables, for Years, Tens, 
Hundreds, and "Thouſands of Years, as the other 
mean Motions are; that, for any Time, we may 
have the Places and Diftances, or the Aphelia, from 
the Equinoxes, 1 | 

T HE Afronomers have ſome other Tables which 
give the true Anomaly, anſwering to every Degree of 
mean Anomaly, which are computed by ſome of the 
Methods delivered above in the former Lectures. If 
Minutes and Seconds are added to the mean Motions, 
we muſt take the Difference of the true Anomalies, 


which are one Degree diſtant from each other; and, 


by proportioning, we muſt add that Part which 
is to be added to the tabular Anomaly which is next 
leaſt, or is to be ſubtracted from it, if it be next 
greateſt, | Wo 85 

Fox the Motions of the Sun and Moon they com- 
monly compute the Equations or Preſibaphæreſis; 
8 Z 2 . which 


00 Years, rejecting X XVI. 
always whole Circles, we fhall have the Motions of 2 


232K „ͤ%,ör ͤ —2 * — 
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Lecture which are the Differences between the true and mean 


XXVI. Anomaly; and they, either ſubtracted or added to the 


mean Anemaly, as the Planet is in the firſt or ſecond 
Semicircle of 4nomaly, give the true. e 

The Argus HAVING the Places of the Aphelion and Nodes, we 
ment ff have their Diſtance from each other: And therefore, 
Latitude. having the true Anomaly of the Planet, we have its 
_ Dittance from the Node, which is called the Argument 
4 Latitude, By which, and an eaſy trigonometrical 
Tie cur- Calculation, we can find the centrical Latitude of the 
tate Piſ- Planet, and its cartate Diſtance from the Sun, which 
tance of & js the Diſtance from the Sun to that Point, where a 
Planet. Perpendicular, let fall from the Planet, meets with 
the Ecliptick. And thus we have ſhewed how to find 
the centrical Place and Latitude of the Planet, and 
its curtate Diſtance from the Sun, After theſe are 
found, we ſhall likewiſe be able to find his geocentrick 

Place, or where he will be ſeen from the Earth, in the 
following Method. RE | 
Pi firſt the Planet's beliacentrict Place, and 
curtate Diſlance from the San, as alſo the Eartb's 


Plate Place and Diſtance from the ſame. Let TCF be the 


XXVE Orbit of the Earth, in which the Earth is in T; 
is :. APE the Orbit of the Planet, and its Place P, the 
Sun 8, u S N the Line of Nodes. From the Place 

of the Planet let fall, on the Plane of the Ecliptick, 

the right Line PB; draw SB, and produce it till 

it meet with the Ecliptick in the Planet's Place re- 

duced to the Ecliptick; which Place is found by the 
Arch PN, and the Inclination of the Orbit to the 

+ Plane of the Ecliptick, which are known : But we 
have the Place of the Earth feen from the Sun; and 
therefore we have the Diſtance between them, or 

The Angle the Angle T S B, which is called the Angle of Com- 
Com- mutation, Then, in the Triangle ST B, we have 
mutation- 8 T, the Diſtance of the Earth from the Sun; and 
8B, the curtate Diſtance of the Planet; wherefore 

we ſhall find the Angle ISB, the Elongation of 

the Planet from the Sun, or the Arch of the Eclip- 

tick intercepted between the Sun's Place and the 

; 1 | Planet's 


L E C TUR E S. = 


Planet's Place, reduced to the Ecliptick; as alſo Lecture 
T B, the curtate Diſtance of the Planet from the Earth. XxXVI 
But the Place of the Sun is given, for it is oppoſite to 5 
the Place of the Earth ſeen from the Sun: Where- Hon 70 


fore alſo we ſhall have the Place of the Planet in the compute the 


Ecliptick, as it is ſeen from the Earth. Moreover, Planet's | 
in the two Triangles PSB and T PB, that are rec- geecentrich 
angular at B, the Tangent of the Angle PSB is to 
the Tangent of the Angle PT B, as TBis to SB: 
But as TB is to SB, ſo is the Sine of TSB, the 
Sine of the Commutation, to the Sine of the Elonga- 
tion 8 1B. Wherefore ſay, as the Sine of the Com- 
mutation is to the Sine of the Elongation, ſo is the 
Tangent of the heliocentrick Latitude to the Tan- 
pou of the entrick Latitude, which was to be 
ound. And by theſe Means the A/rouomers are able 


to find, for any Inſtant of Time, the geocentick N 


hy 


Place and Latitude of any Planet. | 3 by 
 __ComMPaARING the Diſtances of the Planets from The Har. 
che Sun, with the Times of the Periods round him, 929 be- 
we find that they all obſerve a wonderful, regular, and Pass 
elegant Harmony and Law, w:z. | Diftances 

HE Squares of the periodical Times are in all of of the Pla- 
them proportional to the Cubes of their mean Diſtances **t'+ 
from the Sun. Now, their Periods and mean Diſtan- 

5 ar theſe, which we here give in the following 
able, | | d 


De Periods. : | Mean Diſtances, 
D, H. . f | | 
hp 10,759 6 36 26 953,800 
2 41332 12 20" v8 320,110 
8 1 1 0 152, 369 
Q 9 100,000 
2 224 16 49 24 725333 
3 87 23 15 53 38,710 


T HE illuſtrious Mathematician, Mr. Huygens, has 
determined very nicely the Diameters of the Pla- 
nets, by comparing them with that of the Sun, in 

2 3 | | his 
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342 ASTRONOMICAL 
Lecture his Saturnian Syſiem, which he did by the following 
XX V1. Method. WER: TOR 

hnyens  COPERNICUS, by his new and divinely inyents 
ed Syſtem, has ſhewed us how to find out the Diſtance 
of each Planet from the Sun, in Proportion to the 
Earth's Diſtance from the ſame: But their apparent 
Diameters, and how. much ſome are bigger than 
others, has been diſcovered, by the Help of the Tele- 
ſcope. For by comparing the Proportions of their 
Diſtances and apparent Magnitudes, the Froportlon 
of their true Bigneſs to that of the Sur will eaſily be 
found, by the Principles We have laid down in our 
fiat Lalla... 4 253 4 1 ES 
De Dia- As for Saturn, the Diameter of his Ring, when 
1 he is neareſt to us, ſubtends an Angle of 68 ſeconds. 
rudes of the And becauſe this leaſt Diſtance of Saturn is near 
Planets eight Times the mean Diſtance of the Sun from us, 
Mimated. it follows, that if Saturn were as near us as the Sun 
0 is, the Diameter of the Ring would appear eight 
Times bigger than now it does, that is, it would be 
4. But the Diameter of the Sun in his mean 
iſtance is 30 30“ Therefore the Proportion of 
the Diameter of the Ring to the Diameter of the Jun, 
| is that of g' 4 to 3o'. 30“ which is near the Pra- 
1 | —— of 11 to 37. But the Diameter of Saturn's 
'H Body is to the Diameter of the Ring, as 4 to 9; that 
| is, nearly as 5 to 11: And therefore it is to the Dia- 
meter of the Sun, as 5 to 37. | : 
JuerrER's Diameter, when he is next to us, is 
64 Seconds; and then His Diſtance is to the mean 
Diſtance of the Sun, as 26 to 5; ſay, as 5 is to 26, 
ſo is 64 Seconds to a Fourth, which will be 5 236"; 
which is the Bigneſs of the Angle that Japiter's Di- 
ameter would ſubtend, were he as near as the Sun is: 
But the San is ſeen under an Angle of 30“ 30“; 
therefore the Proportion of Jupiter's Diameter to that 
1 of the Sun, is, as 5 35 to 30 30”; that is, a little 
p more than 1 to 5 755 | 
. Venus, when ſhe is neareſt the Earib, ſubtends 
an Angle of 85 Seconds, and then her Perigæon Diſ- 
4140 . I | Lancs 
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LECTURES. 


tance is to the mean Diſtance of the Sun nearly, as Lecture 


XXVI. 


21 is to 82: And therefore, if Venus were removed to 
the Diſtance of the Sun, her Diameter would be only 
21“ 46”: And therefore we know that the Diameter 
of Venus is to that of the Sun, as 21“ 46 to 30”; 
that is, as 1 is to 48. 

Bu r the Diameter of Mars, when neareſt to the 
Earth, is not greater than 30“: And therefore, ſince 
the leaſt Diſtance of Mars is to the Sun's mean Diſ- 
tance, as 15 to 41; the Proportion of Mars's Diame- 
ter will be to the Sun's Diameter, as 1 is to 166: 


Therefore Mars is but Half the Bigneſs of Venus in“ 


its Diameter. Hevelius, by Obſevations, found, 
that Mercury's Diameter was to that of the Sun, as 1 
is to 290. | | 


Tus Magnitude of the Earth, in Compariſon of _ 
that of the Sun, is variouſly eſtimated by the 4/tro- 
nomers: They who ſuppoſe the horizontal Parallax 


of tfie Sun to be 15 Seconds, muſt make the Diſ- 
tance of the Sun from us, to be but 13,750 Semi- 


diameters of the Earth; and the Diameter of the 


Earth will be to the Diameter of the Sun, as 1 to 61. 
But we have a probable Argument, which proves the 
Diſproportion or Inequality greater. For, becauſe 
the Diameter of the Moon is ſomewhat more than a 
fourth Part of the Diameter of the Earth, if the 
| Parallax of the Sun were 15 Seconds, then the Body 
of the Moon would be greater than that of Mercury; 
but it ſeems incongruous that a ſecondary Planet 
ſhould be greater than a primary Planet. Let us 
ſuppoſe therefore, that the Semidiameter of the Earth, 
ſeen from the Sun, be 11 Seconds, as it was lately col- 
lected from the Parallax of Mars, obſerved by Dr. 


Halley and Mr. Pound: And then the Earth's Diſ- 


tance will be nearly 20,000 Semidiameters of the 
Earth, and the Moon will be leſs than Mercury. And 
the Proportion of the Diameter of the Earth to the 
Sun will be that of 1 to tity which Proportion 


we may give our Aſſent, tiff by an Obſervation of 


Venus in the Sun's Body, 7 {ich will happen in 1761, 


We 
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ASTRONOMICAL 


Lecture we may be made more certain of the Sun's Parallax. 


all the 
Hlanets 


ut toge- 
ther, 


upiter is Matter of the San. 
eger than Planets, is 160 Times leſs than the Sun, and his Mat- 


XXVI,. Therefore the Diameter of the Sun is to the Planets 
5 Diameters nearly in the Proportions repreſented in 
tdtle following Table: 8 . 5 Ms 
| Saturn 137 
| | „„ | 181 
The Diameter of the San Mars as 1000 6 
is to the Diameter of \ the Earth (is to 12 
| 1 „„ 1 - 1 12 
Mercury 4 
AND becauſe Spheres are to one another, as the 
Cubes of their Diameters, 5 1 
> Safary 7 2571353 
2 ” Jupiter | 5929741 
The Sun ] Mars | as 1000000000 ] 215 
will be to] the Earth (. is to SR 5; 
EN Venus . Th 1728 
Mercury 64 


HzrNCE it follows, that the Fun is a hundred and 


ſixteen Times digger than all the Planets put toge- 
ther. Saturn is 400 Times leſs than the Sun: But 


for Quantity of Matter it is 2400 Times leſs than the 
Japuter, the. biggeſt of all the 


ter that compoſes his Body, is 1033 Times leſs than 
the Matter of the Sun. But our Earth,.if it is com- 
pared with the Sun, is but of a very ſmall Magni- 
tude, and not bigger than a phyſical Point; for it is 
500,000 Times Tels than it. Beſides, comparing the 

lanets with one another, we find that Jupiter is big- 
ger than all the reſt of the Planets put together ; and 
that he is above 3000 Times bigger than the Earth; 
but Yenus is of the ſame Bigneſs with the Earth. And 
yet there are two of the fix Planets, viz. Mercury and 
Aar, leſs than the Earth ; 
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LECTURE XXVIL 
Of the Situation of the Planets. 


MF the Earth were at Reſt, and the Lecture 
1 10 Planets alone turned round the Sun, XXVII. 


an inferior Planet would ſeem to be 


touched the Orbit; for when the Planet is near that pms 
Point, if the Earth "ſtood fill, it would directly 2 % fer 5 
approach the Earth, and would have no viſible 2 right 
Motion, or at leaſt, its viſible Motion would be Line touch- 
the leaſt of all. In like Manner, if a ſuperior Pla- ig its Or- 
net were at Reſt, when it is viewed from the Zarth, 25 

it would appear to ſtand in that Part of its Orbit, 

where a Line drawn from the Planet touches the 

Earth's Orbit. But becauſe both the Earth and 

Planets move round the Sun, when an inferior Pla- 

net is in the fore-mentioned Tangent, then the 
Motion of the Earth will make the Planet appear 

to change its Place, and the Planet will not be 

come to its apparent Station. And, upon the ſame 
Account, when the Earth is in the Line which 
touches its Orbit, and paſſes to a Planet, the pro- Nor is 4 
per Motion of the ſuperior Planet will change its ſuperior 
viſible Place. And therefore it happens, that nei- /f@tionary, 


n i when it is 
ther an inferior Planet ſeems to reſt; when it and the 8 


Earth are in a Line which touches its Orbit; nor Tin fouch- 
is a ſuperior Planet ſtationary, when the Eartb ing the 
and it are in a Line touching the Orbit of the Earth 
Earth. | | | CE 


Bur 


2 : : * — mum 
ſtationary in that Point of its Orbit, Az inferior 
5 | 'where a Line drawn from the Earth Planet is 
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Lecture Bor fince all the Planets do ſometimes appear 
XXVII. to move forward, and afterwards to return back- 
ww Wards; between the progreflive Motion and the re. 
ten a «greflive, there will be fome Point, where it will ap- 
Planet ap- year to ſtand and continue in the ſame Situation in 
| ra in the Heavens, Now it ſeems to keep the ſame Station 
| in the Heavens, when the Line that joins the Zarth 
and Planet's Center is conſtantly directed to the ſame 

Point in the Heavens; that is, when it keeps parallel 

to itſelf: For all right Lines, drawn from whatever 

Point of the Earth's Orbit, parallel to one another, 

do all point to the ſame Star; becauſe the Diſtance 


1 6 Lines is nat ſenſible in Compariſon of the 
: | 


Diſtance of the fixed Stari. 
Es to find out the Points of Sta- 
tion, we mult inquire the Poſition of the Line 
> Res, Joinag” e 
1]. to itſelf : For which Purpoſe we. muſt obſerve, 


Sr 


de joi ed by ri me Time 
whoſe, two Side, rawn from the Sun, 
equal, to the Diſtances of the Earth and Planet 


keep always the ſame Magnitude, the Proportion 
of the Sines of the Angles at, the Baſe will be con- 
For the Sines are as the oppoſite 


Table Lr the Circle B DG be the Orbit of the Pla- 
XXV. net, and A H K the Orbit of the Earth concentrical 
Fig. 1. to it. And let us ſuppoſe the Earth in A, the Planet 

in B, and the Sun in the Center 8. In the Triangle 

AS B, the Sines of the Angles A and B at the Baſe, 

are as the oppalite Sides 8 B, S A. 
Lr us ſuppoſe then, that in a ſmall Particle of 
Time, the Earth is moved through the ſmall Arch 
A, and the Planet at the ſame Time through 
-  - the Arch of its Orbit BD; their angular Mo- 
f . | dlons 
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＋ Ee * 2 = Ledur 
t E ame or iImes, are ure 

tions a the Cum, mo — periodical Tim. os how much XXV ir 
reciprocally agg periodical Time, ſo much leſs is the. 
the gFeateL(-ribes, x round We Fes in any given Time. 
Haerekore, the Ang le AS C angular Motion of 
the Earth, is way Angle B88 he angular Mo- 
tion of che Planet, as the periodical Time IE the Pla- 
net is to the n Time of the Earth; that i 1s, 
the angular Motions in the ſame Time are in a con- 
ſtant Proportion. 

Lr the Center of the Earth in C, and of the 4ngulap 
Planet in D, be joined. by the Line OD, which is Motiozs 
parallel to the former Line AB; and in that Caſe, 2 in os. 
as we have ſhewed, the Planet will appear ſtati- . 5 
onary. Let SA cut. CD in M., and SD, pro- ciprocal to 
duoed, cut AB in E: And becauſe AB and C D their perio- 

arallel, by the agth of Al. I. the Angle ca 
SM will "he equal. to the Angle A; but by the Times. 
of the firſt. El. the Angle Su D is equal to 
the Angles C and. MSC; wherefore the Angle C 
is equal to the Angle A, bating the Angle MS C 
or C SA. Likewiſe, beeauſe of the Parallels AB 


and CD, the Angle 8 DC is equal to the Angle 


SEA, Which is equal to the Angles SBA and 
BSE; wherefore. that Angle is equal to the Sum 
of the two. Angles SBA and BSE. Therefore 


the momentaneous Increaſe of the Angle SBA is 


equal to the angular Motion of the Planet at the 


Sun. And before it was ſhewed, that the Decrement 


of the Angle A was equal to the Angle AS C, or to 
1. angular Motion of the Earth; hut theſe angular 

otions are conſtantly in a given Proportion, which 
is reciprocal to their — Times. 

A PLANET therefore appears ſtationary, when the 
momentaneous Change of the Angle at the Earth is 
to the momentaneous Change of the Angle at the Pla- 
net, as the periodical Time of the Planet is to the 
periodical Time of the Earth. n 

LET there be two Arches or Angles, whoſe Table 


bines are to one another in a conſtant Propor- XXV- 
| tion, Fig. 2. 
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XXVII. Complements of theſe Arches, a: 
yy compounded of the direct Proportion ICY Sines of 
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or the Sines of che 
in a Proportion 
theſe Arches, and a reciprocal Proportion Dr ROY 
mentaneous Change of the Arches or Angles. by 
Example, Suppoſe the two Arches AM and CM, 
whoſe Sines are AB and CD, and their Co-fines 
SB, SD. Let the Arches AM and CM decreaſe 
into EM and GM; ſo that the Sines EK, GL, 


may be proportional to the former A B and CD. Let 
ys AE and 'CG be the Decrements of the Arches, 
Which being infinitely ſmall, may be taken for Right 


Lines. Draw FE and GH parallel to SM; the 


Triangles A F E and AS B are equiangular : For 
the Angles B and AF E are both right, and the 


Angle E AF is equal to the Angle AS B, the An- 
gle 8 AB being the Complement of both to a Right 


Angle. After the ſame Way it may be proved, that 
the Triangles CHG and CS D are equiangular. 


Therefore CG: CH:: CS: SD; and AF: 
AE :: SB: AS or CS: Wherefore multiplying the 
Antecedents together, and the Conſequents toge- 


ther, we have the Proportion C G x AF: CH 


x AE :: CS Nτ˙ SB: SD A8, orCS x SD; 


that is, SB is to SD in a Proportion compounded 
of AF to CH, and of CG to AE. But the Ratio 


of AF to CH is the ſame with the Ratio of the 


Sines AB and CD; and the Ratio of CG to AE, 
is the Ratio of the momentary Decrements of the 


Arches CM and AM. Therefore 8 B, the Co- ſine 


of the Arch AM, is to 8 D, the Co- ſine of the Arch 
CM, in a Proportion, compounded of the direct 
Proportion of the Sines of theſe Arches, and a reci- 
procal Proportion of the inſtantaneous Decrements of 


the Arches, that is, of CG to AE. | 


HENCE, if the Centers of the Sun, of the Earth, 


This appli- and of a Planet that is ſtationary, be joined with 


ed to Fla- 
zets when 


 ftaticnary. 


Lines, the Co-fine of the Angle at the Earth will be 
to the Co-ſine of the Angle at the Planet, in a 


Proportion compoſed. of the Sines of the Angles 


A and 


% wes 6) eat A 3£© -$d A Www @ 
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A and B, and a reciprocal Proportion of the momen- Lecture 

tary Decreaſe of thoſe Angles A and B. But the XXVII. 

Proportion of the Sines is the ſame with the Propor⸗ 

tion of the Diſtances of the Earth and Planet from 

the Sun; and the Ratio of the momentary Decreaſe 

of the Angles A and B's the Proportion of the perio- 

dical Times of the Planet and the Earth, as has been 

proved. Let the periodical Times be called t and T; 

and then the Co-fine of the Angle A will be to the Co- 

ſine of the Angle B, when the Planet is ſtationary, as 

T x SB is tot & SA; that is, the Co-ſine of the 

Angle at the Earth is to the Co- ſine of the Angle at 

the Planet, in a Proportion, compounded of the 

periodical Times directly, and a reciprocal Propor- 

tion of the Diſtances from the Sun. Hence the 

Points of Stations are eaſily determined by the follow- 

ing Conſtruction. 5 

LIT AH be a Portion of the Orbit of the Table 

Earth, G BK a Portion of the Planet's Orbit, V. 

and let the Sun S be in the Center of both Orbits. Fig: Jo 
Cut SA in E, fo that SA may be to SE, as 54 
periodical Time of the Earth is to the periodical Time termine the - 

of the Planet. Upon the Diameter AE, deſcribe a Points of 

Semicircle cutting the Orb of the Planet in B, the tian. 

Angle SAB will be the Elongation of the Planet 

from the Sun when it appears ſtationary. Draw the 

Lines ABF, EB, and SF, parallel to EB, and the 

Angle ABE in a Semicircle, is a Right Angle: 

ad therefore AFS, parallel to it, muſt be right 

likewiſe. Moreover, AS: A F:: Rad.: Co- 
fine of A; and alſo, BF : S B:: Co-: ſine 

SBF : Rad. Therefore multiplying the Antece- 

dents together, and the Conſequents together, we 

ſhall have AS x B F is to AF x S B, as the 

| Co-fine of 8B F is to the Co fine of the Angle A. 
Therefore, the Ratio of the Co- ſine of the Angle A, to 
the Co- ſine of the Angle 8 B F, is compounded of the 
Ratio of AF to BF, and of SB to AS. But the 

Ratio of AF to BF is equal to the Ratio of AS to 
SE, or T to :. Therefore, the Ratio of the Co-fine 


of. 
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Lecture of the Angle A, to the Co-ſine of the Angle 8 BP, 
XXVII. is compounded of the Ratio of T to t, and of SB to 
8A. But it was ſhewed, that when the Co- ſines of 
the Angles had this Proportion, then the Planet ſhould 


be ſtationary. Therefore it is evident, that when the 


Planet is in B, and the Earth at A, the Planet will 
| appear to be ſtationary, | 

_ HENCE; we ſee, that when an inferior Planet is 
. — ſeen from the Earth to be ſtationary, the Earth alſo, 
zbe Earth Viewed from the inferior, will likewiſe appear to be 
to be flati- ſtationary, and will ſeem to remain in the ſame Place, 
oxary, the For the Earth is ſeen ſtationary, when the Line that 
3 1 joins the Centers of the Planet and the Earth keeps 
Planer aui parallel to itſelf; and ſo long as this Line keeps a 
Paralleliſm, it will always be directed to the ſame 

tianary. Point in the Heaven. 
| By the ſame Method, we find the Poſitions of the 
other ſuperior Planets, in reſpe& of the Earth and 
Sun, when they are to be obſerved by us to be ſtatio- 
nary, viz. by inquiring where the Earth, conſidered 
as an inferior Planet, will appear ſtationary, ſeen from 
- a ſuperior Planet. wy Eo 07 
IF the periodical Times were proportional to 
the Diſtances from the Sun, the Points E and B 
would coincide with G, and the Planet would be 
ſtationary, when the Angle A was nothing; that is, 
when the inferior Planet was in Conjunction with the 
dun: But if SE bore a greater Proportion to 8 A 
than S'G did to S A, the Circle AB E could cut the 
Planet's Orb in no Point at all; and the Planet 
could no where be ſtationary, but would appear 
donſtamtly to move directly forward: But neither 
of theſe Cafes obtain Place in their Planets; for 8 E 
is always leſs than 8 G or'S B, which I thus demon- 


ſtrate. | la 
CAL i the Diſtance of the Earth from the 
Jun p the Diſtance of the Planet S G or 8 B 
call , the petiodical Times T and t. And, by 
the univerſal Law above explained and obſerved 
in all the Planets, we have, 'T* : *:: p: 94, 


and 


Eeru EE ig 


and T: e b. * 1 but us T NV. | 
is to 1, fois AS: SE. 2 8 B. Say there- I. | i 
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fore, N L which 


P * 
is therefore equal to 8 E: And becauſe p is greater 
than ; therefore, q * 55 is greater than g x 45 and 


- —ů 
— m_ 
— —— — 


EE” 
5 
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dividing all by pa, we have 5 greater than LEES 
: 3 
or than SE. And therefore, ſince SB or SG is greater 
than SE, the Circle upon the Diameter A E will 
cut the Orbit of the Planet: And therefore we on the 
Eartb, in ſome certain Poſitions, may ſee each of the 
Planets ſtationary. 
IF you defire to uſe a Calcatuivn, the 4 To find the 


gle at the Barth, or the Elongation of the Pla- Stations by 
net from the Sum, is defined in this Manner. Let Calcula- 


the Radius be , and the Sine of the 1 at he 
Earth q x ; the Sine of the Angle at the Planet 
will be p x, ſuppoſing that p is to 4 in the Pro- 
portion of the Earth and Planet's Diſtances from 
the Sum. And becauſe the Sine of the Angle at 
the Furth is 9 &, its Co- ſine is V ; andthe 
Co- fine of the Ang. at the Planer will be J =p* x* 2 
And therefore „ =qix- ! 2 DN:: DT xg 
t x Þ: And fquaring the Terms of the Analogy, 
22 21 22 22 _ ff. F 1 X 9 1 x b * 
but T* : f :: p: 4: Wherefore, inſtead of T 


and t, put 95 and a, which are proportional to 
them, and, we ſhall have z* — gr: 2 — p*x* :: 


X28 297 X * 22 a therefore we have 
the Equation #: x = Q*8* = Þ 27 om Par 


„ ͤ V ͤũͤůAg. 


— Ow 
| and 9 5 . Sine of the Avalh at the Bath, 
72 
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— 
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72 


3 
71717 


rang. 2 therefore the Square of the Co- ſine of this Angle 


IS * == g = __ z* þ* + * Þ 4. Td 
25 * . 2 ih WEE 
1 121717 255 145247 
therefore the Co-ſine is à & — n. 
| e 
Co- ſine is therefore to the Sine, as z x 
3 5 
to H 28 e + iS ko g. But, as 
e 1 AA OHS 
the Co-fine is to the Sine, ſo is the Radius to the 


Tangent; therefore ſay, as /p* +p gistog, fo 


is z to = which is the Tangent of the An- 
v p* +pq | | . | 
gle at the Earth: And by this: Analogy the Angle 


1s eafily found. For if Half the Sum of the Lo- 


Table 
XXV. 
Fig. 4 
Another 
more eaſy 
Conftruc- 
tion of the 
Problem. 


ithms of p and p + 9g be ſubtracted from the 
3 of 9, there will remain the logarith- 
mick Tangent of the Angle at the Earth, From 
this Value of the Tangent we have the following 
geometrical Conſtruction, which determines the 
Angle. Let HAQ be a Portion of the . Earth's 
Orbit, GB D the Orbit of the inferior Pla- 
net, and the Sun in S the common Center of the 
Orbits. Produce A 8, till it meets with the 
inferior Orbit in D; upon the Diameter AD 
deſcribe the Semicircle A C D, and at S ere& 
upon A D the Perpendicular S C, cutting the 
Semicircle in C; join AC, in which take AF 
28D; and from F, upon AS, let fall the Per- 
pendicular FE; in 8 C take LS = AE, and 
draw AL: Then 8 AL will be the Angle re- 
quired; and B, where A L cuts the inferior Orbit, 


will be the Point of the Station: For the W 


5 
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of 8 C is equal to the Rectangle A SD = þ , Lecture 
and AC ſquare = AS ſquare + S C ſquare D XXVII. 
35 AC: T8 | 
SL:: the Radius: Tangent of the Angle S AL, that 


is, YP TP:: 2: of 
fore the Tangent of the Angle required. | 
THESE Calculations and Conſtructions would The above 
ſufficiently determine the Points of Station, if the ©«/cu/ation 
Planets Orbits were concentrical Circles; but ſince 4, >a 
they are Eccentrick and Ellipſes, both the Angles at agrees not 
the Sun and Planet will be different and changeable, with eccen- 
according to the different Places of the Planets in their *ric* Or- 
Orbits, at the Points of Station. And therefore, be- _ wn 
cauſe in this Caſe, according to the infinite V arieties 11 
of Poſition of the Earth and Planets in their Orbits, 
there will be likewiſe an infinite Variety of Angles, 
they cannot be defined by an algebraical Equation; 
neither can the Problem be univerſally conſtructed by 
any algebraical Curve of any Kind, although ſome 
Mathematicians have undertaken to do it: Yet, if 
we have the Poſition of a Planet in its proper Orbit, 
we may find the Poſition of the Zarth in its Orbit, 
from whence the Planet in that Point will appear ſta- 
tionary. „„ | 
Fo this is a determined Problem, and admits of 
two Anſwers, for the two Roots of the Equation 
that involves the Nature of the Problem. The moſt 
induſtrious Dr. Halley hath communicated to me the 
following Solution of this Problem; for the under- 
ſanding of which, we give the following Lemma. 
WHATEVER the Form of the Earth and Planets 
Orbits may be, if from their Places in the Times of 
Station there be drawn Tangents to the Orbits, and 
produced till they meet, the Portions of thoſe Tan- 
gents, intercepted by their mutual Concourſe, are 
proportional to the abſolute Velocities of the Earth 
and Planets, OO | 3 
LET FG and AH be two Portions of the Or- 
bits which the Earth and Planet deſcribe; AB and 
| 1 1 CD 
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Lecture C D two infinitely ſmall Portions of them, deſcribed 
XXVII. in the ſame Time, when the Planet is ſtationary: 
Draw the Lines CE and AE touching the Orbits, 
Table 
XXV. 
Fig. 5. 


and meeting in E. And becauſe the Planet is ſta- 
tionary, BD and AC will be parallel: And there- 
fore by the 2d Prop. El. VI. CD: AB:: CE: AE. 
But CD and AB, ſince they are Portions of the 
Orbits deſcribed in the ſame Time, are as the Veloci- 
ties of the Earth and Planet: Therefore the Tangents 
CE and AE are as the Velocities. This Theorem 
is Mr. John Bernoulli's, and is publiſhed in the Berlin 


Acts, and flows immediately from the Paralleliſm of 


the Lines AC, BD: But Mr. Bernoulli has not 
given us from thence any Solution of the Problem, 
Dr. Halley's Solution is this. | 


Pp R O B 1 E M. 


To find the Place of the Earth, from which 
2 Planet, ſeen in a given Point of its 
Orbit, would appear ſtationary. 


QUPPOSE the Sun at 8, NKLA the Orbit of 
the Earth, which we may here ſuppoſe to be cir- 
cular, = Pa the Orbit of the Planet, P its given 
Place. Draw V PQ, touching the Orbit in P, and 
interſecting the Orbit of the Earth in V and Q; 
biſect VQinR, and on it erect the Perpendicular 


PB, which may be to VR or RQ, as the Velo- 


city of the Planet is to the Velocity of the Earth: 
At the Center R, upon the Diameter VO, de- 
ſcribe the Semicircle VH, to which draw the 
'Fangents Bb, Bd, and produce them till they meet 
with VQ produced in E and T; draw Rb, RA; 
take EK equal bx, and TL equal to dT. Then 
I fay the Points K and L are what are to be found. 
For, becauſe of the equiangular Triangles R x and 

| | Z BPz 
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BY, P: PA:: r K RIM er RV; and by Lecture 
Alternation of Proportion, EP: T K:: PB: RV; XXVII. 
but by Conſtruction, PB is to RV, as the Velocity off? 
the Planet is to the Velocity of the Earth: and = b EL 
touches the Semicircle in 5; wherefore its Square is 
equal to the Rectangle VEQ by Prop. 36. Elem. III. 
And EK is equal to £5; therefore EK will touch 
the Orbit of the Zarth in the Point K, by 37 Prop. 
Elem, III; therefore the Tangents of both Orbits 
zPandZzK are as the Velocities, and therefore a 
Planet in P will appear ſtationary when the Earth is 
in K. In the ſame Manner it may be ſhewed, that 
the right Lines PT and LT are as the Velocities, 
and that LT touches the Orbit of the Earth in L. 
Ls the Lines SK, SL being drawn, will ſhew 
the Places of the Earth ſeen from the Sun, and the 
Angles K SP, LSP are the Commutations. And if 
the Line SA be the Line of the 4p/zdes of the Earth's 
Orbit, KS A and LS A will be the Angles of the 
true Anomaly; and conſequently, if any Error be 
committed in ſuppoſing the Earth's Velocity, it can 
be moſt accurately corrected by having the true 
A | | 

I'T is a Problem of a very different Kind to define 
the Time when a Planet is to be ſtationary, and its 
Solution cannot be had from common Geometry ; yet 
the aforeſaid Dr. Halley, by an indirect Method and 


an Approximation, has ſhewed how to find it, It is 
as follows, 5 


WHEN the Time of a Station is to be accurately 
. determined. | 
HAviNnG by the former Conſtruction, or a rude 
Calculation, or even from an Zphemeris, found out 
the Day of the Station, find out, by the moſt per- 
fect Aftronomical Tables for the Meridian of that Day 
the Place of the Sun; as alſo the Planets heliocentric 
and geocentric Places, and the Logarithms of their 
Diſtances from the Sun; and to reduce their Motions 
to the ſame Plane, curtate the Diſtance of the Planet, 
A 22 and 
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Lecture and we have the Triangle 'S TP, from the Principles 
XXVII. of A/ironomy, where 5 repreſents the Sun, T the 
_——. Earth, and P the Planet. Draw T Q a Tangent to 
Table the Earth's Orbit, and PQ a Tangent of the Pla- 
XXV. net's Orbit, which meet in Q. Now, if the real 
Fig. 8: Velocities of the Planet and Earth are as PQ and 
TQ, or as the Sines of the Angles PT Q and 
TPQ , it is Plain that the Planet is then in the Situ- 

ation required; that is, it will be there ſtationary. 
HAviNnG now the Diſtances 8ST, SP, we have 
the Ratio of their real Velocities, or of Tt and Pp. 
For the real mean Velocities of different Planets, 
that is, thoſe Velocities with which at Diſtances 
equal to Half the tranſverſe Axes of the Orbits, they 
would deſcribe Circles, are in a reciprocal ſubdupli- 
# Fer the cate Proportion of the Axes. And * the mean Ve- 
Theory» locity of any Planet is to its Velocity in any other 
Lecture Point P or T, in a ſubduplicate Proportion of its 
XXIII. Piſtance from the Sun, to is Diſtance from the 
other Focus of the Ellipſe, which call reſpectively 
PF and T F: And putting R for Half the tranſverſe 
Axe of the ſuperior Ellipſe, and r for Half the tranſ- 
verſe Axe of the inferior, and then compounding the 
Ratios, the Velocity of the inferior Planet will be to 
that of the ſuperior, or Tf to Pp, as RX SPX ITF 
is to V SI XPF; and therefore we muſt have 
ready the Logarithm of this Ratio, reduced to the 

Plane of the Ecliptick. 5 . 

From the fame Diſtances we have likewiſe the 
Angles STQ and SPQ; for the Radius is to 
the Sine of the Angle STQ, as STx Tx 
is to half the conjugate Axis of the Orbit; and 
likewiſe the Radius is to the Sine of SP As, ag 
Dr xPr to half the conjugate Axis of the Pla- 
net's Orbit; or, which is more readily performed, 
ſay, as the Diſtance of the Planet, in its Aphelion, 
is to its Diſtance, in the Peribelion, fo is the Tangent 
of Half the Angle, by which it is diſtant from the 
Peribelion, to the Tangent of an Angle; which being 
J 1 8 ſubtracted 
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ſubtracted from the forefaid Half, leaves the Com- 
plement of the Angle SPQ to a Right, or its Ex- 
ceſs above a Right, as it happens that this Angle is 
acute or obtuſe, Reduce this Angle, if it is need- 
ful, to the Plane of the Ecliptick ; and theſe Things 
being done, ſubtract the Angle 8 T Q from the 
Angle 8 T P, and to the Angle SPQ add the Angle 
SPT, and we ſhall have the Angles to QT P and 


357 
Lecture 
XXVII. 


QPT; and if the Sines of theſe Angles haye, the 


ſame Proportion that the real Velocities have & the 


Points T and P, the Eſtimation is right : But if not, . 


take the Difference of the Logarithms of each, or 
the Error of the firſt Poſition, and if the Ratio of 
the Velocities be leſs than the Ratio of the Sines, we 


muſt diminiſh the Angle T SP, by adding or ſub- 


tracting a known mean Angle, ſuch as will agree 
to one Day's Motion ; and the contrary is to be done, 
if the Ratio of the Velocities be greater. And by a 


Calculation, juſt like the former, ſeek the Logarithms 


of the foreſaid Ratios for the Noon of the preceding 
or following Day, as the Caſe requires. Then com- 


pare the Differences of the foreſaid Logarithms, or 


the Error of the firſt Poſition with the Error of the 
ſecond; and the Sum of the Errors, if they be of 
ſeveral Kinds, or their Difference, if they be of the 
ſame Sort, will be to 24 Hours, as either of the 


Errors to the Time between the Point of Station, 


and the Noon on which the aſſumed Error was found. 
This is plain to thoſe who underſtand the Rule of 
Falſe. a+, 6 INF, 5 

Is this Manner the Stations of the Planets may be 
obtained within a few Minutes. But to take away 
the ſmall Errors which may ariſe, by reaſon the Lo- 
garithms do not uniformly increaſe as the Time, if 
any one pleaſes, he may renew the Calculation, for 


the Time juſt found out, and which is very near the 
Truth, and fo bring out the true Time to a Minute; 


but there is no need of this Correction but in Mer- 
cury or Mars. 


Aa3 . 
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November gth, at Noon. 
8 . 


For to make this plainer, we will add an Exam“ 
XXVII. ple of the Station of Jupiter, 


which lately happened 
2 — on November the gth, 1717. TY | 


| Mow, yoth at N. 


8 


The Error of the 2d Poſit. , 011564 


The mean Anom. of 1 9 10 00 00{9 10 5 00 
Mean Motion of © $00 ee 8 
3 * 8 _ 2 25 11 00|2 25 15 53 
of 685317629 5400 
Log. Diſt. of u from | | | : 
og. Diſt. of © from r 
dee en lee, 4994186 
A Geocentrick Place 3 42803 5 4 27 
The Angle S TFT 113 48 49 114 49 33 
The Angle 8 PT + +429 $3: 28 9 48 34 
The Angle 8 TQ 89 23 54] 89 23 54 
I he Angle SP. 92 41 20] 92 41 14 
The Angle PTQ 24 25 42] 25 25 39 
The Angle TP -», 102 34 48] 102 29 48 
. 5 ag _ hs (399270 : -0,368321 
| ot 2 Rati f 5 8 1 | 5 
evi f eg 8867s 
The Error of the 1ſt poſit. 0,004702 X 0,01 I 564 


Ax p becauſe one of theſe Errors does exceed the 


Truth, and the other js deficient. from it, ſay, as 


Hours to 6 Hours 56 Minutes. Hen 


16266, the Sum of the Errors, is to-4702, fo is 24 


we conclude 


the Time of the Station of Jupiter to have been No- 


n 


vember the ih, 6 Hours and 56 Minutes after Noon, 
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LECTURE XXVIIL 


O the Divjſm of TIME, and it 
EM... | 


N EN HE Parts of Time are known to all Men, 
T Fa being Days, Hours, Weeks, Months, and 3 
Years. A natural Day is determined by # 
R. . the apparent Motion of the Sun from Eaſt 4 natural 
to Welt, and is that Space of Time that flows while Day. 
the Sun goes from any Meridian, or horary Circle, 
till it arrives to the ſame again. Tt is called natural, 
to diſtinguiſh it from that Signification of the Word 
Day, which is oppoſed to Night, and which is called 
the artificial Day. | 8 | 
ALL Nations do not begin their Day alike, The The diffe- 
Babylonians counted the Beginning of their Day from vent Begin- 
the Sun-riſing. The Jews formerly, and the Athe- Ha y the 
nians, from Sun-ſetting, which the Italians, Auſtrians, 85 
and Bohemians, do at this Time; fo that when the Sun 
comes to the Weſtern Horizon, they count the 
twenty-fourth Hour; and the Hour after the Sun is 
ſet, they call the firſt Hour. | 
THEy who begin their Day at Sun- riſing have 
this Advantage, that their Hours tell them how much 
Time is already gone ſince Sun-riſing; and they 
who reckon their Hours from Sun-ſetting have this 
Uſe of it, that they know how long it is to Sun- 
ſetting, that they may proportion their Journies and 
Labours for that Time. But both of them have this 
. 4A 224 | Incon- 
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Lecture Inconvenience, that they cannot immediately tell by 
XXVIII. their Hours the Times of Mid-day or Mid-night, but 


they mult compute by the Length of the Day-time, 


or the Seaſon of the Year ; for in different Seaſons 
the Time of Mid-day is reckoned by Different Hours, 
The Egyptians anciently began their Day at Mid- 
night, from whom FHipparchus, that ancient and fa- 


mous Aſtronomer, - braught that Way of Reckoning 


into A/ironomy. And Copernicus, and ſome other 
Aſtronomers, have followed him therein. But the 
much greater Part of the Aſtronemers have thought it 


| better to begin their Day from Noon. Yet the Me- 


Hours e- 
gual and 
unequal, 


thod of Beginning from Mid-night is received in 
Britain, France, Spain, and molt of the Nations in 
Europe. | | TOE 

THERE are two Sorts of Hours, equal and un- 
equal. An equal. Hour is the twenty-fourth Part of 
the natural Day. Beſides the Diviſion of Hours re- 
ceived by the Vulgar into Half Hours, Quarters, and 
Half Quarters, we now generally follow the 4/trons- 
mical Diviſion, and reckon every Hour 60 Minutes, 
in every Minute 60 Seconds, and in every Second 60 
Thirds, Sc. | 

A unequal Hour is the twelfth Part of the artifi- 
cial Day, or the twelfth Part of the Night; and it 
is called the temporary Hour, becauſe at different Sea- 
ſons of the Year it is of a different Length. For a 
diurnal Hour in the Summer is longer than one in 
the Winter; a night Hour is ſhorter. But in the 


equinoctial Day, the Hours in the Day and Night 


are equal to each other, and therefore the equal Hours 
are called Eguinoctial. The Fews and Romans for- 
merty uſed theſe Hours, and the Turks reckon by them 
at this Day, and their Noon always falls upon the 
lixth Hour of the Day. Theſe Hours are alſo called 
planetary Hours, becauſe in every Hour they ſuppoſ- 
ed one of the ſeyen Planets to preſide over the World, 
and they took it by turns; ſo that the firſt Hour 
ater Sun-rifing fell on Sunday to the Sun, the next 

eg ES £9 


60 Venus, the third to Mercury, and the reſt in Lecture 
order to the Moon, Saturn, Jupiter, and Mars. XXVI 
By this Means, on the firſt Hour of the next Day 
the Moon preſided, and on that Account gave the | 
Name to that Day; and the Days of the Week 

by this Method have had their Names from the Pla- 

net that governed the firſt Hour till the End of the 
Week. . i . 

A WEEK is a Syſtem of ſeven Days, in which each 4 el. 
Pay is diſtinguiſhed by a different Name. The 
Chriſtian Church called the firſt ' Day of the Week 
the Lord's Day, the Vulgar term it Sunday, and none 
but the Fanaticks of our Time ever called it Sabbath- 

day. The reſt of the Days of the Week were called 
Feriæ, Monday the ſecond Feria, Tueſday the third 

Feria, &c. and Saturday they alſo called the Sabbath- 

y. But the common People uſe the fame Names 

" That were given by the Romans, each Day being de- 
nominated = a Planet, | 5 

A Mork is properly that Space of Time the Moon 4 Month, 
takes to perform its Courſe in the Zodiac, which in 

the Space of a Year it runs over twelve Times, 

There is another Month nearly equal to it, which is 
meaſured by the Motion of the Sun, and is that Space 
of Time in which the Sun moves through one Sign, 
or twelfth Part of the Ecliptick : Theſe Months are 
properly A/tronamical, A Civil Month is different 
from them, and conſiſts of a certain Number of Days, 
fewer or more, according to the Laws and Ordinan- 
ces of the Kingdom or Republick in which they are 
obſerved. The Egyptians made each Month to con- 
fiſt of 30 Days, and the Year conſiſting of five Days 
more than 12 Months, they added them to the End 
of the Year, and called them Epagamenæ. 85 

TEE Year is either Aſtranomical or Civil; both The Civil 
Kinds of the A/tronomical. Years, viz. the Tropical Tear of 
and Periodical, we have already defined in our XX114 - Sort. 
Lecture. The Civil Year is the ſame with the Politi- | 
cal Year, eſtabliſhed by the Laws of a Country, and en 
is of two Kinds, Lunar or Solar, according as it is 

- | | deſigned 


— ——— —· 
p< Far n__ 
2 _ — 


. 
— 
. ̃ ²˙ A EE ad — eur PE — n — 
— - 24 my — ha WT” / 
2 . — 5 — 


— — — - 


4 
ö 1 
[0 
i 
: 


362 


ASTRONOMICAL © 


Lecture deſigned to be regulated by the Motions of the Moon 


XXVIII. 


or Sun. There are two Sorts of Lunar Vears, the 


one moveable, the other fixed: The moveable Year 
The move- conſiſts of twelve ſynodick Months, or of twelve Lu- 
2 Lunar nations, which are completed in 354 Days, and after 


7 Tear. 


The fixed * 


Zzxnar 
I Tear. 


De Solar 


Tear. 


that Time the Year begins again. This Year is leſs 
than the Solar Year, which brings back all the Sea- 
ſons, by eleven Days. And therefore the Beginnings 


of fuch Years move through all the Seaſons, and that 


in the Space of 32 Years : This Form of a Year is 
obſerved by the Yurks and ahometans. 24S. 
SINCE twelve Lunations is leſs than a Solar Year 
by eleven Days, three Lunar Years are leſs than three 
Solar Years by 33 Days; and therefore, to keep the 
Months in the ſame Seaſons and Times of the Solar 
Year, to the third Year there is a whole Month added, 
and it conſiſts of 13 Months: And this is done as often 
as is needful to keep the Beginning of the Year always 
in the ſame Seaſon, And the Month added is called 
an Embolimean, or Intercalary Month. In 19 Years 
there are ſeven ſuch Months, and this Kind of Lunar 
Year is called Fixed, and was obſerved by the Greeks, 
whom the Romans followed in this Matter till the 
Time of Julius Cz/ar. | | | 
TEE Solar Year, which is made conformable to 


the Motion of. the Sun, is likewiſe of two Kinds, 


moveable and immoveable. The moveable is called 
the Egyptian Year, becauſe obſerved in that Country: 
And it conſiſts of 365 Days, and is leſs than the tro- 
pical Year, in which the Sun runs his Courſe in the 


Ecliptick by almoſt fix Hours. By the neglecting of 


| theſe fix Hours, it happens, that four ſuch Years are 


leſs than four tropical Solar Years by a whole Day. 
And therefore, in four Times 365 Years, that is, in 
1460 Years, the Beginning of the Year moves thro' 
all the Seaſons of the Year. O95 9 
SINCE therefore an Egyptian Year is leſs than a 
true Solar Year, by almoſt fix Hours; that all the 


| Years may go on according to the Sun's Motion, a 
Regard muſt be had to theſe fix Hours, But it is 


requiſite 
1 


we 
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requiſite alſo that the Political Vear have always the Lecture 
ſame Beginning, and that it commence with the XXVIII. 
Day; for it would be inconvenient to have the Vea 
begin ſometimes at one Hour of the Day, ſometimes 
at another, which would neceſſarily fall out if we 
added to every Year ſix Hours, Now, theſe Hours, 
amounting in three Years to eight Hours, if they be 
added to the fix Hours of the fourth Year, will make 
a whole Day : Therefore this Day being added to the 
fourth Year, will reduce it again to be even with 
the Motion of the Sun. Julius Ceſar perceiving 
this, ordered that every fourth Year ſhould have an 
Intercalary Day, which therefore conſiſts of 366 
Days, and the Day added is put in the Month of Fe- 
bruary.* And becauſe in the common Year the 24th 
of February, in the Roman Way of Reckoning, was 
the Sixth of the Kalends of March, or the ſixth Day 
before the Kalends of March, Ceſar ordered, that for 
that Year there ſhould be two Sixths, or that the 
Sixth of the Kalends of March ſhould be twice rec- 
| koned; upon which Account the Year was called 
Biſſextile, which we name the Leap-Year, This | 
Form of a Year was inſtituted by Julius Cæſar, who oy, Julian 
was then High-Prieft among the Romans, and was Year. 
called the Julian Year ; whoſe Nature is, that eve 
fourth Year conſiſts of 366 Days, and the other three 
only of 365. | 5 
Byr it muſt be acknowledged, that the Time 
appointed by Julius Cæſar for the Solar 3 is too 
much; for the Sun finiſhes his Courſe in the Eclip- 
tick in 365 Days, 5 Hours, and 49 Minutes, and 
therefore he begins again his Round eleven Minutes 
before the Civil Vear is ended. So that if the Sun 
in any Year has entered the Equinox upon the 20th 
of March at Noon- day, after four Vears he will ar- 
rive at the Equinox 44 Minutes before Noon, and 
the fourth Vear after that he will be there one Hour 
28 Minutes before Noon; and ſo every Vear 11 Mi- 
nutes ſooner than by this Reckoning, ſo that in 131 
Years he will anticipate or enter the Equinox a whole 


Day 
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Lecture Day before the 20th of March: And therefore the 
XXVIII. celeſtial Equinox will not always fall upon the fame 
Day of the Month, but by Degrees it will move to- 
wards the Beginning of the Year; and this fo ſenſibly, 
in Compaſs of Time, that it cannot be doubted, 
HENCE in the Time of the Council of Nice, 
about which Time the Terms were ſettled for ob- 
erving Eaſter) the vernal Equinox fell upon the 
twenty-firſt of March; but the Equinox continuall 
falling backwards in the Year, in the Year of Chr:/ 
x582, when the Kalendar was corrected, it was found 
that the Sun entered the equinoctial Circle on the 
xFith of March, and was departed ten whole Days 
from its former Place in the Year: And therefore 
when Gregory, the XIIIth of that Name, Biſhop of 
Rome, deſigned to Place the Equinoxes in their for- 
mer Situation, in reſpect of the Year, he took thoſe 
ten Days out of the Kalendar that Year, and order- 
ed that the Eleventh ef March ſhould be reckoned 
as the Twenty-firſt: And to prevent the Seaſons of 
the Year from going backwards as they did before, 
he ordained that every hundredth Year, which in the 
Julian Form was to be a Biſſextile, ſhould be a com- 
mon Year, and conſiſt only of 365 Days; but becauſe 
that was too much, every four hundredth was to re- 
main Biſſextile. This new Form of the Year being 
| eſtabliſhed by the Authority of the Biſhop of Rome, 
e Gre- Gregary XIII. is called by his Name the Gregorian 
gorian Year, and is received in France, Spain, Italy, Ger- 
Tear. many, and in all the Countries where the Pope s Au- 
thority is acknowledged, as likewiſe lately in ſeveral - 
where the reformed Religion is obſerved. Yet in 
Britain, and other Northern Countries, the Julian 
Form of the Vear is ſtill retained. e 00, 
TAE Perſians obſerve the Egyptian Form of the 
Years to this Day, whence it is that Equinoxes remain | 
not in the ſame Month, but move through them all; 
and after a Period of about 1460 Years, the Begin- 
ning of their Year falls in with the ſame Time of the 
true Solar Year. This Time or Period is called the 
| | Great 
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| Great Canicular Year, or the Sothiacal Period, becauſe Lecture 
it takes its Beginning on the firſt Day of the Month yxy ns. 
Moth, or the firſt Day of that Year, when the Dog 
Star riſes heliacally ; for the Word Sothis in the The Great 
Egyptian Language ſignifies the Dog, which in Greek Canicular 
is called «5poxvor, that is, the Dog-Star, which the Ten. 
Aſtronomers name Sirius. | 

TAE Ancients not only diſtinguiſhed the Times 
by Years, but by ſeveral Revolutions or Collections 
of Years; ſuch was the Jubiler of 4g or 50 Years; 
an Age conſiſted of an hundred Years. But among 
the Greeks, the Olympiads were eſteemed the — 
famous, each of them containing the Space of four 
Years. EE 1 
As in the Heavens there are certain Points, from Ye Chrif- 
which the Afironomers begin their Computations of tian Er. 
the Planets Motions ; ſo alfo there muſt be certain 
Points, or Inſtants of Time, from which, as from 
Roots, all Calculations muſt begin: And all memo- 
rable Actions are diſpoſed and recorded, according to 
the Series of Years which follow from that Root 
Theſe Roots are called Epoche, or & RAS, from 
which we generally count our Years and Times. 
The moſt famaqus, beſt known, and moſt uſed by us, 
is that which is reckoned from = hands”, our 
Lord Feſus, which begins, at the Kalends of Fanuary 
that Le followed his Birth. 7 | 
Now, although this Epoch is generally received 
by Chriſtians, yet the Engliſb and [r:/þ have an Epoch 
a whole Year poſterior to it, which they commonly 
uſe in all Publick and Eccleſiaſtical Affairs: For 
they do not begin their Year with the firſt of Jann 
ary that follows the Nativity, but with the Feaſt of 
the Conception or Incarnation, which is obferved on 
the 25th of March; and therefore it is, that the Eng- 
kh reckon from the Feaſt of Lady-Day 1718, that 
chere are completed 1717 Years; but from the Birth 
of our Lord, to the Feaſt of the Nativity of the 
Year 1717, they Number only 1716 Years elaſped ; 
| ns whereas 
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Lecture whereas all the reſt of the Chriſtian World count 


XXVIII. 


1717 Years. | 3 8 
In this Affair they exactly agree with Dionyſius, 


The 4uthor ſurnamed The Leſs, according to whom Chriſi is ſup- 


2 thera. poſ 


ed to have been conceived the 8th of the Kalends 
of April, in the firſt Year of this Æ RA; and was 
born the Winter following, at the End of the 46th 
Year from the Reformation of the Kalendar by Julius 
Ceſar. This Way of computing was at firſt univer- 
fally received ; but afterwards, by Degrees and tacitly, 
all Nations receded from it; ſo that it does only 
now take Place in England, and the Dominions 
thereof; and the common Opinion is, that Chri/? 
was born the Winter preceding the Time that Diony- 
fus reckoned the Conception to have been; and by 
this Means they make Chriſt to have been a Year be- 
fore Dionyſius, the Author of the Ara, ſuppoſed he 
was born. | . | 
Bur yet for all this the Engliſb, for the greateſt 
Part of the Year, deſign it by the ſame Number 
that the reſt of the Chriſtian World does : But for 
three Months, viz. from the Kalends of January 
to the 8th of the Kalends of April, they write one 


leſs. F 


THERE is likewiſe the Epocha of the Creation, 
which is much noted, yet about it there are great 
Controverſies among the Chronologi/?s ; ſome affr 
ing, that the World was created 3950 Years before 
the Birth of Chriſt; others again ſay, that at the 
Birth of Chriſt the Age of the World was 3983 
Years. The Greek Church, and the Emperors of 
the Eaſt, uſed an Faw of the Creation, which was 
much more ancient, and makes the World to have 
been created 5509 Years before the Coming of 
Chrift. | | 

* oNG the prophane Authors the ancienteſt 
Epecha is that of the Olympiads, which begun at the 
Summer of the Year 777 preceding the Birth of 
Cbriſt, and on the Kalends of July. a 


THE 
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TRR Epoch of Rome, or of the Building of the Lecture 
City, is not long after the Olympiads, and there are XXVIII. 
two of them, the Yarronian and Capitolian; according 
to the firſt, the City was built the Year before Chriſi 
7533 according to the other, it was in the Vear 752. 
Tre Ara of Nabonaſſer has always been famous 
among the Afronomers, and begun on the 6th of Fe- 
 bruary of the Julian Year carried backward, and be- 
fore Chrift 747. And becauſe that Day was then the 
firit of the Egyptian Year, Ptolemy, and after him 
Copernicus, computed: the Motion of the Stars, accord- 
ing to that Era, by Egyptian Years; for the Egyp- 
tian Year is very convenient for A/tronomical Calcula- 
tions, it being interrupted by no intercalary Days. 
AFTER this, we have another Epocha of the Death 
of Alexander the Great, the three hundred and twenty- 
fourth Year before Chriſt, on the 12th of November, 
which was then the firſt Day of the Egyptian Year. 
Theon Albategnius, and ſome others, have computed 
from thence according to the Egyptian Year. Between 
the two Aras of Nabonaſſer, and of the Death of 
Alexander, there are preciſely 424 Egyptian Years. 
The Abiſſines reckon by another Ara, which is called 
the Era of the Martyrs, or of Diocleſian. The Turks 
and Arabians reckon by an Ara, which they call the 
Hegira, which takes its Beginning from the Flight of 
Mabomet. The Perſians have likewiſe an E pach, 
which they call Jeſdegird; all which are explained 
by the Chronologiſis. But the Julian Period ſeems to 
be the moſt uſeful and convenient of all, it including 
almoſt all other Aras within it, and it is a Period of 
7980 Years; which Number is compoſed by the Mul- 
tiplication of the three Numbers, 15, 19, and 28. 
The firſt is the Cycle of the Indiction, the ſecond is the 
Meionick Cycle of the Moon, and the third is the Cycle 
of the Sun. And the firſt Year of this Period was that 
wherein all theſe three Cycles began together. I will 
. here add a Table, which gives the firſt Year of the 
ſeveral ras, and reduces them to the Years of the 


Julian 
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wwe 


 48TRONOMICAE, 
Lecture Julian Period, and to the Years before or after the 


ich of Chr. 


The Creation of the World accord- 
ing to the Greet Emperors, Fl 

The common ra of the Creation, 

The Beginning of the Olympiads, 

The Building of Rome, according 
to Varro, 


The Building of Rome, according 


to the Regiſters of the Capitol, 
The Era of Nabonaſſer, 
T he Death of n the Great, 


The common Chriſtian Epech, 
The Diocleſian Ara, 

The Hegira of the . 
The 7² icin of the Perfians, 


Years of 
he Fulian 


Period. 


765 
3938 
3961 


3962 


3967 
4390 


| 4714 
4997 
$335 
| 5345 
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rn AX. 
Of the Kalendars. Of Cycles and Periods, 


LY HE Kalendar is a Table in which are 
” T FIA ſet down all the Days 675 the Year in a r 


regular Diſpoſition, according to their 
* Nlonchs, with a Diſtribution of them in- 

to Weeks. The Vigils, Holy-days, and Law- 

days, together with the Univerſl Terms, are like- 

wiſe annexed, The-Diftribution of Days into Weeks 

is made by the ſeven firſt Letters of the Alphabet, 

ABCDEFG. Beginning at the firſt of Fa- 

nuary, to which is placed the Letter A; to the ſe- 

| cond of January B is joined; to the third C; and fo 

on to the ſeventh, where G is figured: And then 

again beginning with A, which is placed at the eighth 

Day, B will be at the ninth, C at the tenth; and fo 

continually repeating the Series of theſe ſeven Letters, 

each Day of the Year has one of thoſe Letters in the 

Kalendar. By this Means the laſt of December has 

the Letter A joined to it. For if the 365 Days which 

are in a Year be divided by 7, we ſhall have 52 

Weeks and one Day over. If there had been no Day 

over, all the Years 'would conſtantly begin on the 

ſame Day of the Week, and each Day of a Month 

would conſtantly have fallen upon the ſame Day of 

the Week. But now, becauſe, beſides the 52 Weeks 

in the Year, there is one Day more, from thence it 

happens, that on whatever Day of the Week the Year 

begins, it ends upon the fame Day, and the next 

Year begins with the following Day. For Example, 

in a common Year of 365 Days, if the Year begins 

i SDSS. | on 


— 
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Lecture on a Sunday, it will end on a Sunday, and the firſt 
XXIX. _ of the next Year will be Monday. | 


WA Is 


HE Letters being ranked in this Order, that Let- 
ter which anſwers to the firſt Sunday of January, in a 
common Year, will ſhew all the Sundays throughout 
the Year; and to whatever Days in the reſt of the 
Months that Letter is put, theſe Days are all Sundays ; 
and therefore that Letter is called the Daminical or 


Sunday Letter of that Year, So alfo whatever Letter 


is joined to the firſt Monday in January, the ſame, as 
often as it is repeated in the Kalendar, ſhews the Mon- 


Aays throughout the Year. 


Ir the firſt Day of January be a Sunday, the laſt 
Day of the Year, as 1 have faid, -will likewiſe be a 
Sunday ; and therefore the next Year will begin on 
AHonday, and the Sunday will fall on the ſeventh Day, 
to which is anneXed the Letter G, which therefore 
will be the Sunday Letter for all that Year : And 
fince the Year began on Monday, it will alſo end on 
that Day; and the following Year will begin en a 
Tueſday, and the firſt Sunday will fall upon the ſixth 


of January, to which Day is adjoined the Letter F, 


which is the Sunday Letter for that Year. And in 
the ſame Manner for the Vear next following, the 
Dominical Letter will be E: By this Means the Sun- 


day Letters will go in a retrograde Order by G F E 


DC B A. In the yearly Kalendars, which we call 
Almanacks, which is an Arabick Word, the Domanical 
Letter, to diſtinguiſh ir the better, is denoted by a Ca- 
pital, and generally printed in Red, and all the reſt 
are of a ſmaller Form. By this Means, at one View, 
we ſhall fee all the Sundays in the Year. 

Ir all the Years were Egyptian Years of 365 Days, 
after a Period of ſeven Years, the ſame Days of the 
Month would return to fall on the fame Days of the 
Week. But we obſerving the Gregorian Year, where 
every fourth is Biſſextile, or conſiſts of 366 Days, in 
which, beſides the 52 Weeks, there are two Days 
over ; if that Year ſhould begin with a Sunday, it will 
end on a Adanday, and the next Year will begin on 
5 Ni: 


ter was A. 
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Tueſday; and the firſt Sunday of that Vear will be Lecture 
on the ſixth of January, to which is annexed the Let- XXIX 
ter F, which will be the Dominical Letter for the 4 
Year following that Leap-year, whoſe Dominical Let- 

By this Means the Biſſextile Year returning every 
fourth Year, the Series of the Dominical Letters, ſuc- 
ceeding each other, is interrupted, and does not re- 
turn in Order till after four Times ſeven, or twenty- 
eight Years. Hence ariſeth the Cycle of twenty- eight 23. Cycle 
Years, which is called the Cycle of the Sun; which of the Sun. 
being completed, the Days of the Months return in 
the ſame Order to the ſame Days of the Week. In 
this Cycle all the Biſſextile Years have two Dominical 
Letters, the firſt of which takes Place till the 24th or 
25th of February, and the other ſerves for all the reſt 
of the Year; for in the Biſſextile Year the 24th and 
25th of February are eſteemed as one and the ſame 
Day, and both of them have the ſame Letter F an- 
nexed to them, and by this the Order of the Sunday 
Letter is interrupted. For Example, If in the Be- 
ginning of the Year the Sunday Letter is E, the 24th 
of February will fall upon a Monday, and the 25th on 
a Tueſday, both which Days are marked with the 
Letter F; and therefore the following Letter G, 
which ſhewed the Tusſdays before, will now point out 
the Wedneſdays ; and the next Sunday will fall upon 
the ſixth of March, to which, in the Kalendar, is 
annexed the Letter D, which will point out the Sun- 
days for all the reſt of the Year, and then becomes the 

Dominical Letter. | | 
Tx firſt Year of the Cycle of the Sun is a Biſſextile, 7 
and the Dominicul Letters, anſwering to it, are D and | 
C. For the ſecond Year the Sunday Letter is B, for 
the third A, the fourth G; and again, the fifth Year 
of the Cycle being Biſſextile, has two Dominical Letters, 

F and E; and fo in the reſt. The following ſmall 
Table ſhews what Domznical Letter belongs to each 
Year of the Cycle. | 
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Eaſter. 


of the Chriſtian Era 
add q, becauſe from the Beginning of the Cycle, till 


ASTRONOMICAT. 
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To find the Year of the Cycle of the Sun for thry Year 
g To the T You of, Chri/t 


the firit Year of Chri/t, there were nine Years paſt: 
Divide the Sum by 28, the quotient ſhews the Num- 


der of Cycles that have revolved ſince the firſt Year be- 


fore Chr}, till the current Year; and the Remainder, 
if there be any, is the current Year of the Cycle; but 
if there be no Remainder, then 28 is the current Year 
of the ſolar Cycle. | | 


The move- BESIDES the fixed and fettled Feafts; which are 
ab Feaſts. always on certain and determined Days of the Year, 


there are other Feaſts and Holidays which are move- 
able, and in different Years fall upon different Days 
of the Month, and ſometimes in different Months: 
Theſe Holidays are not regulated by the Motion of 
the Sun, but by that of the Moon: Such was the 
Feaſt of the Paſſover, inftituted by God himſelf, for 
the F-ros to. oyferve, and is ſucceeded by the Chriſtian 


TheFeaft if Faſter, in Memory of our Sauiour's Reſurrection. 


God ordained that the P#//zver ſhould be celebrated 
in the firft Month, the 14th Day of the Month, at 


Even. See Leviticus, chap. xiii, Now, 'the:Fewi/h 


Year was a Lunar Year, and fo ordered by initercalary 


Months, that the Month, whoſe fourteenth Day, or 


whoſe full Moon, fell either on the Vernal Equinox, 
or next after it, was reckoned the firſt Month of the 
Year. The Chriſtian Church was willing to obferve 
the ſame Method in celebrating of 'Za/ter : But yet, 
to diſtinguiſh it from the Ferwi/h Paſſover, would not 


keep the Feaſt on the 14th Day, but on the Sunday 


after, 
HS; 
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after, becauſe our Lord roſe upon the Sunday after the Lecture 
% Paſſover. ep . 
T'HEREFORE, for determining the Time for thek 
Celebration of Zaſter, we mult define the Time of 
the Equinox, which was believed to be fixed to the 
twenty-firſt of March, and the Fathers thought it 
could never happen on any other Day, and therefore 


they made their Kalendar upon that ul Moni 


Then they called that the Paſchal or firſt Mont 

whoſe 14th Day, or Full Moon, fell on the Equinac 

tial Day, that 1s, on the 21ſt of March, or next fol- 

lowing the 21ſt of March. But becauſe the Fewi/h 
Months were Lunar Months, the 14th Day immedi- 

diately preceded the Full Moon ; therefore, for the 

Time of the Obſervation of Eajer, we muſt have a 

Regard to the Motion of the Moon, and the Times 

of New Moons and Full Moons muſt be found. 

The Fews had no other Way of finding the New | 
Moon, but by obſerving it; and when the Moon 

firſt appeared to emerge out of the Sun's Rays, or to 

riſe in the Evening heliacally, that Day they called 
the firſt Nay of the Moon or Month. The Chriftian 
Church computed their Lunations by the Metonicł 

Cycle of 19 Years; and therefore they inſerted this 

Cycle in their Kalendars, and called its Numbers the 

Primes or Gold-numbers, by which they determined the 

*Fimes of the Lunations, * | 

THE Adetonick Cycle, called fo from its Inventor 255 Cycle 

Meton, is alſo termed the Cycle of the Moon, and is of the 

a Period of 19 Years, which, when they are com- Moor, or 
pleted, the New Moons and full Moons return on e ee 
the ſame Days of the Month; ſo that on whatever _ on 
Days the New and Full Moons fall this Year, 19 
Years hence they will happen on the very ſame Days 

of the Months, as Meton and the Fathers of the Pri- 

mitive Church thought. And therefore at the Time 

of the Council of Nice, when the Way of ore” ary 
Time for obſerving the Feaſt of Eaſter was eſtabliſhed, 

the Numbers of the Lunar Cycle were inſerted in te 
Kalendar, which upon the Account of their excellent 
— by 7 | # 3 | —_— B b 3 2 , : Uſe 
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Lecture Uſe were ſet in Gold Letters, and the Year of the 

XXIX. Cycle for any Year was called the Golden Number of 
ren. 8 

TAE Golden Numbers were placed in the Ka- 

lendar, according to the following Method; taking 

any Year for the Beginning of the Cycle, which they 

_ reckon-d by the Number 1, and obſerving every 

Month the Days on which the New Moons hap- 

pened that Year, juſt by thoſe Days they joined the 

Number 1. And becauſe in that Year the New 

Moons happened on the twenty-third of January, 

the twenty-hrit of February, the twenty-third of 

March, the twenty-firſt of April, the twenty-firſt of 

May, the nineteenth of June, and ſo in the reſt, 

juſt by thoſe Days in the Column of the Golden 

— they put the Number 1. The ſecond Vear 
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obſerving the New Moons, to the Days on which 
they happened they inſcribed the Number 2, viz. to 
the twelfth of January, the tenth of February, the 
twelfth of arch, the tenth of April, and ſo on in 
the reſt of the Months. The ſame Thing was done 
the third Year, annexing the Number 3 to all the 
Days the Moon changed in that Year; and ſo on in 
the following Years, till the whole Period of 19 Years 
was completed. But the moſt accurate Niſpolition - 
'of the Golden Numbers is by the mean Lunations, 
as they are ſet down in the Aflronomical Tables, for 
every Month and each Year of the Lunar Cycle; 
and fixing, according to that Computation, the Cha- 
racter of the Vear to each Day on which the Luna- 
tion happens. | | | 85 
BECA USE a lunar Afronomical Month conſiſts 
of 29 Days, 12 Hours, 44 Minutes, and 3 Seconds; 
the common People, who cannot diftinguiſh the 
ſmall Particles of Time, make the Lunar Months to 
conſiſt of intire Days without Fractions, and on that 
Account they alternately put one Month of 30 Days, 
and the next of 20 Days, Theſe are called Hol- 
low or Cave, that is, deficient Months, the others 
Full; the 12 Hours over the 29 Days requiring 
| „ | this 
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- this Alternation : But becauſe there are 44 Minutes Lecture 
beſides, which is almoſt three Quarters of an Hour, x 
in every Lunation; in 32 Lunations theſe Minutes guy 


will make up a whole Day, which is to be added to 


a hollow Month; and by this Means the Lunations 


of the Kalendar will nearly agree with thoſe of the 
Heavens. | c | 
Ix we know the Year of the Lunar Cycle, which 
in our Liturgy is called the Prime, we have the Days 
of the Moon's Change throughout the Year; for in 
each Month, the Golden Number, or Prime, is ſet 
to the Day the Change happens on; and adding to 
that fourteen Days, we ſhall have the Day of Full 
Moon. | 

THe Ancients imagined that the Cycle of 19 
Years did exactly complete 235 Lunations: and 


therefore, after the Revolution of that Time, that 


the New Moons not only fell on the ſame Days of 
the Month, but likewiſe on the ſame Hours of the 
Day; which is not true; for in 19 Gregorian Vears 
there are 6939 Days, and 18 Hours. But if ts 
every Lunation we allow 29 Days, 12 Hours, 44 


Minutes, 3 Seconds, which the Motion of the Moon 


requires; 235 Lunations will make 6939 Days, 16 
Hours, 31 Minutes, and 45 Seconds. Therefore, 
235 Lunations are not equal to 19 Gregorian Years, 
but are leſs > one Hour and a Half. And conſe- 
quently the New Moons, after 19 Years, will not 
return to the ſame Hour, but will be an Hour and 
a Half fooner, and in 304 Years they will anticipate 
a whole Day. And therefore the Golden Number 
will, preciſely enough for common Uſe, ſhew the 
Lunations in the Space of three Centuries, without 
the Error of one Day. In the Council of Nice, 
when the Cycle of the Moon was fitted to the Ka- 
lendar, and ſome Centuries afterwards, it did nearly 


the Lunations in every 304 Years anticipating a 
whole Day, they lately happened almoſt five Days 
ſooner than they ſhould do, according to the Rule of 
: | B b4 the 


—_— give the Time of the New Moons: But 
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| Cycles of the Sun and Moon, 10 find the Year Gy 
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Lecture the Golden Number: And for this Reaſon the Ka- 
XXII lendar was altered in the Year 1752. But the Com- 


— 


utation by Golden Numbers retained, with proper 
Corrections; by which the Eceleſiaſtical and Aſtro- 
nomical Full 1 nearly agree, which were ver 

different before heſe Corrections took Place : And the 
general Table or Rule for finding Eater for ever, 
which is now in our Liturgy, by the Golden Num- 
ber and Dominical Letter, is made according to the 


corrected Diſpoſition of the Golden Number, 


Lu the firſt Year of the Chriſtian Fra, 2 was the 
Golden Number; and therefore, if to the current 


| Year of Chrift we add 1, and divide the Sum by 19, 


the Remainder, after the Quotient, will give the 


Golden Number. 


FROM the Cycles of the Sun and Moon multiplied 
into one another, riſes a third Period of 532 Years, 
which is called the Fictorian or Dionyſian Period: And 
after the Completion of this Period, not only the 
New and Full Moons return to the ſame Days of the 
Month, but alſo the Days of the Month return to the 
ſame Days of the Week; and therefore the Dominical 
Letters and the Moveable Feaſts return again in the 
ſame Order, Hence this Cycle is called the great Paſo 
chal Cycle. 2855 

To find the Year of the Dionyſian Period for any 


Year of Chriſt, to the current Year add the Number 


457, and divide the Sem by 532, the Remainder 


after the Quotient, is the Year of the Period. | 


Ir is a Problem of another Kind: Having the 


Dionyſian Period. For Example, ſuppoſe the Vear 
of the Cycle of the Moon to be 17, and of the 
Sun 21: To ſolve this Problem, it is required to 


find a Number, which, when it is divided by 10, 


leaves 17, and when it is divided by 28, leaves 
21. To find this, let it be required to find two 
Numbers, one of which will divide exactly by 
28, without a Remainder, but when it is divided 


by 19 leaves 17; and another Number, which will 


divide 
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will divide exactly, without a Remainder, by 19, but LeQure 


when it is divided by 28, leayes 21: It is plain, 
that the Sum of theſe two Numbers will anſwer the 
Queſtion... - 3 * | 
We will here ſhew the analytical Inveſtigation 
of theſe two Numbers. We will ſuppoſe the firſt 
Number to be 28 x, for it is a Multiple of 28; 
and becauſe this Number, divided by 19, leaves 
17; if we take 17 from it, the Remainder, divid- 
ed by 19, will be a Number; ſince then 19 di. 
vides 28 x — 17, and it alſo divides 19 x, there- 


fore it will divide their Difference, which is 


A 


9 * - 17; conſequently 


and 9 x = 19 n + 17, and x = 2 


and becauſe x is an intire Number, 9 muſt” divide 
19 * + * Ton - divides 18 1 + , therefore it 
will divi the Remainder x: + 8, and therefore 


s Number. Let that Number be 1, and 


n will be = 1, and «„ = 4; conſequently, 


28 114 to the firſt Num r to be found. 
Suppoſe the ſecond Number to be 19 y; for it 


muſt be a Multiple of 19 3 therefore 19 Jar 


is an integer Number: Suppoſe it to be 2; then 


19 5 — 21 = 28 , and y = + = which 


muſt likewiſe be an intire Number; and therefore 
28 n + 21 will be divided by 19: But 19 divides 


I97 + 19; Wherefore it will divide the Remainder 


g9n+2 
+ 


97 + 2, and * is an intire Number: Suppoſe 


it =p; then is gn + 2=19 P. and n= 22 —=2 
therefore 


ng is a Number, 
Call that Number n, conſequently 9 — 17 = 19%, 


— — ũ 2 


Lecture therefore 9 muſt divide 19 þ—2 ; but it divides 18 5, 
XXIX. therefore it muſt alſo divide 5 — 2, and e 
— N : ip CE 9 

an Integer or o: Let it be equal to o, then is p= 2, 
and 292. —Z 2 4, and 195 28 n +21 = 


133; therefore one of the Numbers is 112, and the 
other is 133, whoſe Sum is 245, the Number required; 
And whenever the Cycle of the Sun is 21, and that of 
the Moon 17, the Year of the Dionyſian Period is 245. 


THE ſame Problem may be otherwiſe (olved, 


by ſtated. and conſtant Multiplicators, which are 


ſuch, that one of them can be divided by 28, with- 


out any Remainder; but if it be divided by 19, 
there remains 1: The other will divide by 19 with- 
out a Remainder; but when it is divided by 28, 
there is a Remainder of 1: Such Numbers are 
found in the ſame Way, as the preceding Numbers 
were; viz. I ſuppoſe 1 firſt to be 28 æ, and the 
other 19 y; wherefore 19 will divide the Number 
28 x 1, without any Remainder; and therefore it 
will divide 9 x 1 without a Remainder, and 


I will be a whole Number : Suppoſe it equal 


191 +1. 1 ＋ 1 


to n; then x = ———; therefore is an in- 


tire Number, and the leaſt Number that can be 
put for 2 is 8: Let therefore.» = 8, and x, being 


— 39” ©. muſt be 17; therefore the firſt 


2 9 | : | 
Number being 28 x, will be 476. Again, let 


1 0 „ | 
— 25 ; i 2 ED 277 MI up pale 
SEX — p; thenisn = 22, ne 


: ther a whole Number or nothing: Let p IE 0, 


and þ = I; then MB = 2, and 19 y = 28 n 
h 8 


LECTURE Ss. 379 


+ 1=57. Therefore the two Numbers that were Lecture 
to be found are 476 and 57. And becauſe the Num- XXIX. 
der 476. divided by 19, leaves 1, if it be multiplied a, 
by any Number leſs than 19, and the product be di- 

vided by 19, there will remain the Number which 
multiplies it. In like Manner, becauſe 57, divided 

by 28, leaves 1, if 57 be multiplied by any Num- 

ber leſs than 28, and the Product be divided by 28, 

there will be left that Number which multiplied 57. 

Hence we draw this general Rule for finding the 

Year of the Dionyſian Period. Multiply the Cycle of 

the Sun by 57, and the Cycle of the Moon by 476; 

divide the Sum of the Products by 532, the Remain- 

der, after the Quotient, will be the Year of the Dia- 

nyſian Period. ; 

BESIDES the Cycles of the Sun and Moon, there De Cycle 
is another Period of Years, which is called the Cycle Indie- 
of Indictions, which the Romans uſed, and has no . 
Connection with the celeſtial Motions, but is a Re- 
yolution of 15 Years, which being completed, it 
begins again. It is frequently mentioned in the Im- 

8 and Pontificial Diplomas. The Year before the 
Birth of Chri the Indiction was 3; and therefore, 

if to the Year of Chriſt you add 3, and divide the 

Sum 'by 15, the Remainder ſhews the Year of the 
Indiction. If there be no Remainder, the Indiction 

1 1 | 

: 6 F theſe three Cycles of the Sun, Moon, and In- Tze Julian 
diction, by their mutual Multiplication, the Julian Period. 
Period of 7980 Years is compoſed. This Period had 

its Beginning 764 Years before the Creation, and 

is not yet completed ; and therefore it comprehends 

all other Periods, Cycles, and Epochas, and the 
Times of all memorable Actions and Hiſtorians. 
There is but one Year in the whole Period which 

has the ſame Numbers for the three Cycles of which 

it is made up; and therefore, if the Hiſtorians had 
remarked in their Annals the Cycles of each Year, 

there had been no Diſpute about the Time of any 
Action. | | 

| 1 THE 
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Lecture THE Year before the Birth of Chrif was the 
9 477 3th Year of the Julian pop of And AE 
i to the current Year of Chriſi we add 4713, the 
From the Sum will be the Year of the Julian Period: On 
Year of Contrary, from the Year of the V Period ſub- 
Chriſi 1 tract 4713, there will remain the Year of the Chriſ- 
find the ti \ * 1 in 
lan Pe 9 2. | | : 
Jo 4 HAVING the Years of the Cycle of the Sun, Moon, 
From the and Indiction, to find the Year of the Julian Period. 
Cycles 1s THIS Problem may be ſolved in the ſame Manr 
find the ;, 35 we ſhewed in the like Caſe about the Dzony/ian Pe- 
— Pe. riod, viz. by finding three Numbers, ſuch as the fic 
2 is a Multiple of 19 and 15, or of their Product 285; 
but being divided by 28, leaves the Number of the 
Cycle of the Sun for a Reſidue. The ſecond Number 
muſt be a Multiple of 28 and 15, or of their Product 
$20 3 but being divided by 19, leaves the Year of the 
Cycle of the Moon. Laftly, The third muſt be a 
Multiple of 28 and 19; but being divided by 15, 
leaves the Year of the Indiction: The Sum of theſe 
Numbers, if leſs than 7980, is the Year of the Ju- 
lian Period. But if the Sum he bigger, divide by 
Nee; and the Remainder will be the Year of the 
eriod required. 
T HE Problem may likewiſe be folyed by conſtant 
nd ſtated Multjplicators, the firſt of which is a 
Multiple of the Number 285; but divided by 28, 
leayes 1. The ſecond is a Multiple of 420; but di- 
vided by 19, leaves 1 for a Reſidue, The third is a 
Multiple of 532 ; but being divided by . [eaves N 
a2 Remainder i. Theſe Numbers are to be found by 
the fame Method we ſhewed in our former Problem 
concerning the Dionyſian Period, and are 4845, 4200, 
5916; which being once found, the Canon, or 
Rule for finding the Year of the Julian Period from 
the Years of the Cycles, is this : Multiply the Num- 
ber 4845 by the Year of the Cycle of the Sun, and 
the Number 4200 by the Year of the Cycle of the 
Moon; likewiſe the Number 6916 by the Year of 
the Indiction. Divide the Sum of theſe n 
; |; | : ; 79 Oz 


* 
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7980, neglecting the Quotient, the Remainder will Lecture 
de the Year, of the Julian Period required. Exam- XXIX 
ple: In the Year 1719, the Year of the Cycle of the [Rs 
Sun is 19, of the Moon q, and of the Indiction 1x; 
multiply 4845 by rg, the Product is 92,055 ; and 
4200 being multiplied by , the Product is 37,5003 
and, laſtly 69x6 being multiplied by 11, the Product 
is 76,070. The Sum of the Products is 205, 937; 
which, being divided by 7080, will have a Remainder 
of 6431 Years, which is the Year of the Julian Period. 
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LECTURE: XXX. 


An Ap pendix, containi ng a Deſcription and 
Uſe of both the Globes ; together with 
ſome Spherical Problems hat are to be 


fokved by a Trigonometrical Calculation. 
F the Things Which pertzih to the 
„ One fone are cominon to Both Girke 
| O We foe are peculiar to one of the two: 
N. 


* And thofe things that are common, are 
| either without the Surface, or painted on 

the Surface. Without tlie Surface of the Globes are 

to be ſeen, BY | | 


FIRST, The two Poles, about which the Glober 
revolve : The one is the Arctict Pole, named fo from 
the two Bears that are nigh to it, and is called Jike- 
wiſe the Septentrional or North Pole, from the Septem 
Triones, or the feven Stars of Charles? Wain : The 
other oppoſite · to it is called the Antarctict Pole. | 
SECONDLY, The Brazen Meridien, and 'one 
dide of it only, which is diſtinguiſhed and divided 
into Degrees, and which, paſſing through the Poles, 
epreſents the true Meridian; and this Side is always 
to be turned to the Eaſt, and the W -n 
ö Orth. 
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Lecture North. The Meridian is divided into four Quadrant: 
of go Degrees, two of which are reckoned from that 


0 
* = 2 
hs 5* * — 


Part of the Equinoctial that is above the Horizon, to. 
wards each of the Poles; the other two Quadrants 
have their Diviſions of go Degrees, beginning at the 
Poles, and ending in the Equator. 924 

THIRDLY, The wooden Horizon, whoſe upper 


Side does only repreſent the Horizon, and is divided 
into ſeveral Circles, the innermoſt of which contains 
the twelve Signs of the Zodiack, diſtinguiſhed by 


their Names and Characters, and each Sign is di- 
vided into 30 Degrees. Next to this are joined two 
Circles, with the Julian and Gregorian Katendin 


diſpoſed according to their Months and Days. The 


outermoſt is a Circle with all the Points of the Com- 
paſs, and the Winds, as they are denominated by the 
Seamen. r | 
FouRTHLY, A Braſs Quadrant of Altitude, 
whoſe Edge is divided into Degrees, and is to be faſ- 


tened to the Meridian at the goth Degree from the 


Horizon; from which the Degrees are numbered upon 
it upwards to the Zenith. 


Firrr x, The Horary. Circle divided into twic 


| Morning Hours; theſe on the Welt Side are the Houn 


twelve Hours: The 12th Hour at Noon is upon the 
upper Part of it at the Meridian, and the 12th at 
Night, is on the Meridian at the lower Side towards 
the Horizon. The Pole carries round the Hand which 
ſhews the Hour, and is in the Center of the Circle; 
The Hours upon the Eaſt Side of the Meridian are the 


afrer Noon. | 1 5 
_ S$1IxTHLY, The Mariner's Compaſs is fixed upon 
the Pediment or wooden Frame, which contains th 
Globe, and by it the Globe is put in a right Poſition 
in reſpect to the Points of the Heavens. 20 25 

_ SEVENTHLY, The Semicircle of Poſition, whol 
Extremities are fixed to the Points of North au 
South, ſo that the Semicircle can be moved fretlf 
from the Horizon to the Meridian, and may be raiſt 
to any Poſition, Theſe Things we have deſcribe 


{ 
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are without the Globe. But on the Surfaces are de- ; 290 ER 


lineated the Things following: 


FIRST, The Equinoctial irie dvi 8 360 
Degrees; the Numbers begin at the vernal Interſec- 
tion, or at the firſt of op, and are cantinuce till they 


return to the ſame. 


SECONDLY, The. Kalte divided ine 12 
Signs, and each Sign into 30 Degrees; their Names, 
Characters and Order, are to oO Peres; ION wa, 


41 or the Ram, Nite or the Ra, Candi or 
us, Twins. Concer, op the Crab. 1 the Lien, 
Vir irge, the Vi irgin. Litre, the Balance. Sn, the 
Serbian rien, the Bebe Cepricrma, the 
* oat.” * Aqwarini, the IWater-bearer. | Piſe ces, the Fi Pes. 


XXX. 


C HE, Sum in his annual Motion paiſes through the | 


Ecliptick, and if we add to it a broad Space of about 
eight Degrees on each Side, we have the Zodiack, 
in "which are the 12 Afters/ms or, Conſtellations ; ; the 
moſt of which have the Likeneſs of ſome living Crea- 
ture, upon which Account the Zodiack has its Name. 
In this broad Circle the Moon and all the Planets per- 
form their Motions: The Ecliptick is to be diſtin- 

uiſhed from the Equinoctial Circle by this, that the 

Equinoctial, while the Globe is turned, does always 
cut the Meridian and the Horizon i in the ſame Points. 
But the Eeliptick conſtantly changes its Poſition; 
ſometimes while the Globe is turning it is high, ſome- 
times it is low; ſometimes it. cuts the Xaquazor, 


and the Horizon in one Degree, ſometimes, in an- 


other.. 


THIRDLY, hare 8 are two Tropicks of = and Py 
which. are. the Limits or Boundaries of the Sam's De- 
viations from the Equinoctial, either towards North 


123 


or hog including between them the obliqus 1 
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384 ASTRONOMICAL 
Lecture of the Sun, that is, the Ediptick, and may be called 
X. the outermoſt of the Sun's Parallels. For becauſe 
ce Sim every Day paſſes to n different Degree of 
the Edliptick in its annual Motion, that Degree, 
with the Sen in it, being carried round the Earth, 
by the diurnal Revolution of the Heavens, will de- 
ſeride a Circle parallel to the Equstor; and then 
there muſt be ſo many rg. as' there are Days 
from the longeſt to the ſhorteſt; though the $2: 
does not remain for a Day in one Point of the 
Ecliptick, but is continually. advancing forward; 
and therefore does not deſcribe a perfect Parallel, but 
rather a ſpiral Line: But the Diſtance between each 
Spire being but very ſm 1, eſpecially near the Tro- 
picks, we may well ſuppoſe the ſingle Revolutions, 
but eſpecially the outermoſt, to be Parallels; which 
is ſufficient for common Uſe, and is moſt conveni- 
ent. . = 
Four, The two Polar Circles, the Arctick 
and Antarick, which have been explained in our 
VIItn and XVIIIh Leut Theſe Things we have 
Bere mentioned, are como to both Globes, though 
the Eeſiptick and the Sefhieirele of Poſition do pro- 
perly Belong only to the celeſtial Globy ; yet they are 
Put Upon the terreſtrial Gbr aſb, that the Pb Amen, 
which depend upon the Motion” of the 8%, and the 
Peints or Cuſps of che Houſes,” may be thereby e- 
Pleined, if needful. — 6 1 1 Gr 1903 122 : 
- Wd gt Things which re peeuliar or proper to 
one Sort of Globe, are partly fome Uiroles- or curve 
Lines; 245 in che cefeſttal Gbr, he two Coleres, and 
the Wir des of Darftile: In the” terreſtrial, the Me- 
119i2ns,” Parallels and Rhumbs; mw the 'Repre- 
Keivitids Ki the berteſtrial O, of Sens, Lkinds, 
and Godfftries; Which we Jeave to the Geographers 
to deſcribe. In the celeſtial Globe the Figures of the 
Conſtellaxions are painted, ' aid the Stars repreſented 
inthe fame Order, Mabtiitude/and Pofition"they have 
in eie Heavens, Theſe we Rave enumerated in our 


„ , a i. 


Having 
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H vr deſcribed the Globes, we come now to Lecture 


flew their Uſe, which is manifold ; but for our pre- 


EXE. 


nt Purpoſe, it is chiefly- contained in- the following — 


Problems 


PROBLEM I. Having a Place in the terrgſtriai 
Globe, to find its Longitiede and Latitude. | 

TURN the Ghbe till the Place comes to the Meri- 
dian (I mean the Eaftern Side of the Brafſs'Meridian; ) 
and the Degree of the Æquator, which is then under 
the Meridian, whatever Number it is marked by, 
ſhews the Longitude of the Place; then upon the 
Meridian, count up from the Æquator the Degrees 
marked, till you ceme to the Place, and you have 
the Latitude; which will be North Latitude, if the 
Plaee be on the North Side; or Southern, if it lies 
upon the Southern Side of the Æquator. | 


PROBLEM Il. Having the Longitude and 


Batitius, to find out the Place on the terreſtrial Globe, 
to wlich they belong. Seek in the Equator the Degree 
of —— qr is given, and bring it to the Meri- 
dian; th 
the Degree of Latitude given, towards the Arctick or 
. Antardaict Pole, according as the Latitude is either 
North or South, and under that Degree of Latitude 
lies the Place that was to be found. 8 


PROBLEM III. To refify both Globes, and 
ſet them to a given Latitude or Elevation of the Pole; 
am to apply the Quadrant of Altitude to the Vertical 
Pom; an to place the Globes according to the Points 


F the. Compaſs, by Help of the Needle: If the Lati- 


tude of the Place be North, raiſe the Arctick Pole 
above* the Horizon; but for a South Latitude, you 
muſt raiſe* the Antarcticx: Then from the elevated 
Pole;-count upon the Meridian towards the Horizon, 
the Degrees of the Pole's Elevation; and that Point 
where the Reckoning ends, bring to the Horizon, 
and then the Globe is adjuſted to a due Elevation. 
Count from the nr” -the-Meridian” the Lati- 

| "© tude 


en count from the Æquator on the Meridian, 


—— ——— ä RN 
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386 A . 
Lecture tude required, and there will be the Vertex of the 
XXX. Place, or the Zenith. To this Point of the Meridian 
| faſten the Quadrant of Altitude, with the Screw that 
is at the End of it, ſo that the Edge of the Quadrant, 
which is divided into Degrees, may be joined to this 
Point. *La/tly, Turn the whole Frame in which the 
Globe is with its Pediment, till the magnetick Needle 
lie in the Plane of the Meridian, ſo that the North 
Point of the Horizon of the Globe be turned North- 
wards; then will the reſt of the Points on the Hori- 
zon of the Globe agree with the correſponding Points 
of the Horizon of the Place, | 


PROBLEM IV. To find for any Day of the 
Year the Degree or Place of the Sun in the Ecliptich, by 
the Help of the Kalendar, and the Circle of Signs ad- 
joined; and then to mark it upon the Ecliptice, Seek in 
the wooden Horizon, the Month and Day given ; 
but take care to diſtinguiſh the Julian and Gregorian 
Kalendars, that you may not miſtake the one for the 
other : Then in the innermoſt Circle, which is the 
Circle of Signs, over-againſt the Day, you will ſee 
the Degree and Sign in which the Sun is that Day. 
In the Ecliptick which is drawn upon the Surface of 
the Globe, ſeek firſt the Sign, and then the Degree of 
the Sun's Place. The Place of the Sun is more accu- 
rately found out by an Hphemeris, which is made for 
each Year, or elſe it may be calculated by A/tronomi- 
cal Tables. : N Ix NG 


PROBLEM V. Te find the right Aſcenſion and 
Declination of the Sun, er any Star; and by that Means 
to adjuſt the Hand which points the Hours to the twelfth 
Hour. Bring the Sun's Place in the Ecliptick, found 
by the laſt Problem, to the Meridian, and mark the De- 
gree of the Æquator which is then under the Meri- 
dian ; that will be the right Aſcenſion of the Sun: 
Then compute from the Equinoctial on the Meridian, - 
the Number of Degrees to the Place of the Sun; they 
will ſhew the Sun's Declination, which will either be 


North or South, as the Sun is on this or the other 
| | ; Side 


©. 
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Side of the Æquator. When the Place of the Suz is Lecture 
in the Meridian, turn the Hour-hand upwards, till it XX 
comes to the twelith Hour at Noon, After the ſame 8 
Manner, bring the Place of any fixed Star to the Me- 8 
ridian, and you ſhall find its right Aſcenſion on the 
Aquator, and its Declination on the Meridian, Hav- 
ing the Place of the Sun, we ſhewed how to find its 


right Aſcenſion and Declination by Trigonometry, in 
our XIXth Lecture. | 


PROBLEM VI. Te find the Meridian Altitude 
of the Sun, or any fed Star, by a Quadrant, or any 
other Inſtrument fit for the Purpoſe. We ſhewed the 
Method of obſerving the Sun's or a Star's Altitude in 
Lecture XIX, 88 | 


PROBLEM VI. Having the Declination and 
Meridian Altitude. of the Sun, or 5 a fired Star, to 
find the Latitude of the Place, or Height of the Pole 
above the Horizon. The Method of finding the Lati- 


tude by Obſervation was likewiſe explained in Lecture 


PROBLEM VIII. Having the right Aſcenſien 
of the Sun, and of a fixed Star, to find the Time when 
the Star culminates or comes to the Meridian. 

SUBTRACT the right Aſcenſion of the Sun from 
the right Aſcenſion of the Star, adding, if needful, 
360 Degrees; and there will remain the Arch of the 
Equator, that has paſſed the Meridian between Noon 
and the Time of the Culmination: Turn this Arch 
into Time, by dividing the Degrees by 15, and the 
Quotient gives the Hours ; then multiply the remain- 
ing Degrees by 4, and you have the Minutes ; and 
likewiſe divide the Minutes, which are the Parts of 

Degrees, by 15, and the Quotient gives the horary 
Minutes: And if there be any Minutes of Degrees 
remaining after the Diviſion, multiply them by 4, 
and you have the horary Seconds: The Time made 
up of theſe Hours, Minutes and Seconds, ſhews the 
Moment of the Culmination of the Star. 
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Lecture PROBLEM IX Having the. Place of the Sun, 
JAR or any Star, to find its oblique Aſcenſion, and Deſeenſion, 


33 


Table 


XXVI. 
Fig. 2. 


above the Horizon. 


2 its Eaſtern and Weſtern. Amplitude. Bring the 
2 of — or Star to 1 in the E 
and mark the Point of the Æquator that riſeth wick 
it; it will be its oblique Aſcenſion: Then count from 
the Point of Eaſt upon the Horizon, to- the Place of 
the Sun or Star; the Degrees intercepted will be the 
Eaſtern Amplitude. If you bring. the Place. of the 
Sun or Star to the Weſtern Side of the Horizon, the 
Degree of the Æquator which goes down- with. it, is 
the oblique Deſcenſion; and the Arch of the Horizon 
between the Weſt Point and the Place of the Sun or 
Star, is the Weſtern Amplitude. 

THE Trigonometrical Solution of the- Problem: is 
this: Let HPOP be the Meridian, A Q the qua- 
tar, P the Pole, S the. San or- Star in the Horizon, 
whoſe. Declination is S R; or the: Neint of Eaſt or 
Weſt. In the right. angled Friangle o R 8, we- 
have the Side R S, the Declination of the. Sun or- 
Star, and: the. Angle Ror 8, which- the- Æquator 
makes with the Horizon, and is equal to the Comple- 
ment of the Latitude; whence we ſhall find the Arch 
or R, which is the aſcenſi onal Difference of the Syn. 
or Star; which, added to the right Aſcenſion, or 
ſubtraCted from it, according as the Jun or Star is to- 
wards the depreſſed or elevated Pole, gives the, oblique 
Aſcenſion. We ſhall have morecver, in the ſame. 
T riangle, the Arch 97S, the Am plitude of the Sun. 
or Star. The aſcenſional Difterencs added to. a Quar 
drant, or ſubtracted from it, according as the Sum or 


Star is towards the elevated or depreſ d Pole, gives 


the ſemidiurnal Arch; which being turned into Time, 
ſhews the Time of half the Stay, of the Sun or. Star: 


PROBLEM X. Having the Aſcenſons of the 
Sun er Star, both Right and Oblique, 12 2 the, bal, 2 | 
Time of their Stay abowe- the Horizon : 

Length of Day and Night, and the Time. of 4 a Fife 2 
and ſetting. Take the Difference of the oblique $ 
right 


L ECTURSS 8 


right Aſcenſion, and we ſhall have the aſcenſional Ledture 
ifference : Convert it into Time, as we ſhewed in XXX 
the VIIIth Problem, which, when the Sun or Star, 5 
declines to the elevated Pole, is to be added to fix 
Hours; but if to the depreſſed Pole, it is to be ſub- 
tracted from ſix Hours; and we ſhall have half the 
Time of the Stay of the Sun or Star above the Hori- 
Zon: And its Complement to 12 Hours, is half the 
Titne it abides under the Horizon. Half the Time 
df the Sur's Stay above the Horizon, being computed 
from Noon, gives the Time of the Sun's ſetting; and 
Half the Time of the Sun's Stay under the Horizon, 
tomputed from Midnight, gives the Hour of the 
S's riſing; and the half Time of the Sun's Stay 
above the Horizon being doubled, gives the Length 
of the Day; and the half Time of the Stay below thi 
Horizon doubled, gives the Length of the Night. If 
you put the Hour-hand to the 12th Hour, when the 
lace of the Sun is in the Meridien, and turn the 
Globe round, till the Place of the Sun comes to the 
Exftern Side of the Horizon, the Hand will point out 
the Hour of Sun-riſing : Bring it to the Welten Side 
the Horizon, and the Hand will ſhew the Time of 
un- ſetting; from which it is eaſy to compute the 
Length of Day and Night. | | 


PROBLEM XI. Having the Time of the Cul- 
mination of a Star, and of its half Stay above the 
Horizon; to find the Hour of its riſing and ſetting. If 
from the Time of the Star's Culmination, you ſub- 
tract the Time of the half Stay above the Horizon, 
you will have the Hour wherein the Star riſeth: If 
you add that Time to the Time of the Culmination, 
you ſhall have the Time of the Szar's ſetting, which 
in both Caſes is computed from Mid-Day, Or if, 
when the Place of the Sun culminates, you bring the 
Hour-hand to the 12th Hour, and then turn round the 
Globe, till the Star comes to the Eaſtern. or Weſtern 
Side of the Horizon, the Hand will point to the Hour 
of the riſing or ſetting of the Star. Jes. 
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PROBLEM XII. To find the Degree of the 
Ecliptick, which riſes or ſets with a given Star; and 
rom thence to determine its cofmical and achronical Riſ- 


ing and Setting. Bring the given Star to the Eaſtern 


and Weſtern Side of the Horizon, and mark what 
Degree of the Ecliptick riſes or ſets with it; then in 
the wooden Horizon look for that Sign and err 


which roſe or ſet with the Star; and over-againit it 


in the Kalendar, you will find the Month and Da 
of the coſmical Riſing of the Star. And if you look: 
in the fame Horizon, the Point oppoſite to the 
riſing Point; oyer-againſt it in the Kalendar, you 
ſhall have the Month and Day of its coſmical Setting. 
So likewiſe over- againſt the Degree that ſets with the 


Star, you will find the Day and Month of the acro- 


nical Setting; and the oppoſite Degree will ſhew in 
the Kalendar the Day and Month of the Szar's achro- 


- nical Riſing. 


T-ble 
XXVI. 
Fig. 3. 


THe Trigonometrical Solution of the Problim i is 
this: Let H O be the Horizon, HZ O the Meridian, 


A Q the Æquator, EC the Ecliptick, v the Point 


of interſection of the Æquator and Ecliptick ; A the 
Point of the Ecliptick which riſes with the Star ; ; and 
the Point of the Æquator which riſes with the Star, 
ſuppoſe to be or. In the Triangle Y or A, we have 
Yor, the oblique Aſcenſion of the Star; and the 
Angle Y, the Inclination of the Æquator and Eclip- 
tick; and the Angle Y 0 r A, the Height of the 
Æquator above the Horizon, or its Complement to 
two right Angles. Hence we ſhall find the Arch of 
the Ecliptick Y A, and the Point of it A, which 
riſes with the Star. But by the Kalendar, or an 
Ephemeris, we have the Time when the Sun is in that 
Point; and therefore, we have the Time when the 
Star riſes: coſmically. We have likewiſe the Angle 
Ar, the Angle of the Ecliptick and the Horizon 
at the riſing Point. When the Sun is in the Point op- 
poſite to the Point A, then the Star riſes acronically : 

And by a like Calculation we ſhall find the Time. 


PR O- 


when the Star fets coſmically « or achronically. 


LECTURES. 


PROBLEM XIII. Having the Latitude of the Lecture 
Place, and the Degree of the Ecliptick which riſes or XXX. 


ſets with the Star, to determine the heliacal Riſi 


ng 0:< nod 
Setting of a Star. Bring the Star to the Eaſtern Side a 


of the Horizon, and turn the Quadrant of Altitude 
round to the Weſtern Side, till it cut the Ecliptick 
in the twelfth Degree from the Horizon, on the 
Quadrant of Altitude, if the Star be of the firſt Mag- 
nitude. Then mark the Point of the Ecliptick, where 
the Quadrant inte: ſects it; that Point, when the Star 
riſes, is twelve Degrees high above the Weſtern Ho- 
rizon, but at the ſame Time the oppoſite Point is 
twelve Degrees below the Eaſtern Horizon: Look 
that Point in the wooden Horizon, and over-againſt 
it you will find the Month and Day when the Sun 
enters that Point of the Ecliptick, which is the Day 
of the Star's riſing heliacally ; when it begins to get 
ſo far from the Sun's Beams, that it may be ſeen in the 
Morning before Sun-rifing : But if you would know 
the heliacal Setting, bring the Star to the Weſt-iide of 
the Horizon, and turn the Quadrant of Altitude to 
the Eaſt-ſide, till the twelfth Degree of it from the 
Horizon cuts the Ecliptick, and mark that Point where 
it interſects the Ecliptick ;' the Point oppoſite to this, 
is ſo many Degrees depreſſed under the Horizon at 
the Weſtern Side; and if wefind, in the wooden Hori- 
zon, the Month and Day when the Sun comes to that 
Point, we ſhall have the Time of the heliacal Setting. 
By Trigonometry the Problem is thus to be ſolved: 

In the Figure of the preceding Problem, let A be the 


Point of the Ecliptick, which riſes with the Star - Fig. 3. 


And ſuppoſe the Sun in the Ecliptick at ©, fo that 
the Arch ©R of the Circle of Depreſſion may be 
12 or 13 Degrees, according as the Star is of the 
firſt or ſecond Magnitude, In the right-angled Tri- 
angled AR ©, we have the Angle RAO, the 
Angle of the Ecliptick and Horizon, and the Side 
RG, which js 12 or 13 Degrees: Hence we {ſhall 
have the Side A ©, which added to wy A, gives 

the Arch ꝙ O, and the Point ©, which the Swn 
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muſt be in when the Star riſes heliacally. In the 
ſame Manner we may fd the Time of the heliacal 
Setting. 5 : 8 
PROBLEM XIV. Having the Latitude 6 
the Place, and the Place of the Sun ix the Ecliptict; to 


find the Beginning aud End of Twilight. Rectify the 


Glabe for the Latitude of the Place by Problem third, 


and put the Hour-hand to the twelfth Hour, the 


Sun's Place being in the Meridian; then take the 


Point of the Ecliptick oppolite to the Swn's,Place, and 
turn the Glale Weſtward, as alſo the drant of 
Altitude, ti]! the Point oppoſite to the Sun's Place 
cuts the Quadrant of Altitude in the 18th Degree 
above the Horizon: The Hour-hand will ſhew the 
Time of Dawning in the Morning. But if you take 
the Point oppoſite to the Sun, and bring it to the 


Eaſtern Hemiſphere, and turn it till it meets with 


the Quadrant of Altitude in the 18th Degree, the 
Hand will ſhew the Hour when T wilight ends in the 
Evening. The Trigonometrical Solution of this Pro- 
blem is in Lecture XX. 5 


PROBLEM XV. Having the Latitude of the 


Place, and the Place of the Sun, if we have beſides 


any one of the three following Things, viz, the Hour 

44 the Day or Night, or the Tit, or Azimuth of the 
un er a Star; to find the other two. Rectify the 

Globe for the Latitude given, and bring the Place of 


the Sun to the Meridian; and the Hour-hand to the 


twelve o'Clock Hour: Then, if the Hour be given, 
turn round the Globe till the Hand points to it, and 
bring the Quadrant of Altitude to the Place of 
the Sun or Star; you will ſee, in the graduated 
Edge, the Degree of Altitude; and where the 
Quadrant interſects the Horizon, there you will 
find its Azimuth, to be counted from the Interſec- 
tion of the Meridian and Horizon: But if the Alti- 
tude be given, turn the Globe with one Hand, and 
the Quadrant of Altitude with the other, * the 
o * — 
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Place of the Sun meets with the Quadrant at the given Lecture Wit 
Altitude; then the Hand will point to the Hour; XXX 1 
and the Interſection of the Quadrant and Horizon 5 || 
will ſhew the Azimuth. But if the Azimuth be | = 
given, turn the Quadrant till it interſects the Horizon 
at the given Azimuth, and there keep it fixed; but 
turn the Globe, till the Place of the Sun or Star meets 
with the Quadrant, and the Degrees upon the Qua- 
drant will give the Altitude, and the Hour-hand will 
point to the Hour. 

Tux Problem is ſolved Trigonometrically thus: Let Table 
HO be che Horizon, HPO the Meridian, AQ XXVI. 
the Æquator, Z the Vertex or Zenith, P the Pole, *'& + 
S the Sun or Star, whoſe Diſtance from the Vertex 

is ZS, and SP the Complement of Declination, or 

its Diſtance from the Pole. Becauſe we have the 
right Aſcenſion of the Sun or Star, we have the Dif- 
ference of their right Aſcenſions, which being turned 

into Time will ſhew the Time of the Culmination of 

the Star; and the Arch which meafures the Angle 
ZPS, being turned into Time, will give the Hour 

of the Night. Now, in the Triangle ZPS, having 

Z P, the Diſtance of the Zenith from the Pole, 

and PS the Complement of the Declination of the 

Star ; if J have, beſides theſe two, the Angle P, 
which the Hour gives, we can from them find the 
Angle Z, which ſhews the Star's Azimuth, and the 
Arch ZS the Star's Zenith Diſtance, which will 
ſhew the Altitude, Or if we have the Arch Z 8, 

we ſhall find the Angle P, and * the Hour of 

the Night, as alſo the Angle PZ S the Azimuth. 

Or if we have the Angle PZ S, we can from thence 

find ZS the Complement of the Altitude, and the 
Angle ZPS, which will give the Hour, By the 
ſame Method having the Altitude of the Sun, which 

we take by an Obſervation, and his Declination, 


which is. known by Tables, from his Place in the 
Ecliptick, we can find the Angle ZE PS, which be- 
ing turned into Time, will give the Hour of the 
Lays | 


P RO- 


Table 
XXVI. 
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ASTRONOMICAL 
Lecture PROBLEM XVI. To find the Diftance between: + 
XXX. two Places and the Surface lx the Terreſtrial Globe. | 


Leer us, for. Diſtinction-ſake, call one of the 
Places the firſt, and the other the ſecond. Rectify 
the Globe, for the Latitude of the firſt Place, and 


bring it to the Meridian, and there fix the Globe with 
the Quadrant of Altitude to the Vertex, and turn the 
the Quadrant till its graduated Edge paſs . the 


ſecond Place: Then count the Degrees of Diſtance, 
from the Vertex to the ſecond Place, and the Arch of 


the Horizon intercepted between the Meridian an 


Quadrant will give you the Poſition. 5 
By Trigonometry we thus proceed: Let AQ be 
the Equator, P the Pole, S s two Places, whoſe 
Complements of Latitude are PS and Ps; and be- 
cauſe their Longitudes are given, we have this Dif- 


ference of Longitude, which is meaſured by the An- 


ole SPS Therefore in the Triangle SP 5s, we have 
the Sides SP, sP, with the Angle SPs; by them 
we can find Ss in Degrees and Minutes, which being 


converted into Miles, allowing 69 Engliſb Miles for 
each Degree, we ſhall have their Diſtance in Miles. 


We can alſo find the Angles PSs and P5S, which 


are the Angles of Poſition, 


IN the ſame Manner in the Heavens, if we have 
the right Aſcenſions and Declinations of two Stars, 


or their Longitudes and Latitudes, we ſhall find their 
Dittances. „ 


PROBLEM XVII. For any Time and Place 


to erect the Theme or Scheme of the Heavens. Rectify 
the celeſtial Globe for the Latitude of the Place. If 


ou have not a celeſtial Globe, a terreſtrial will do. 
Fase the Place of the Sun for the given Lime, and 
bring it to the Meridian, and the Hour-hand to the 


twelfth Hour; then turn the Globe till the Hand 


ſhews the given Hour: Or, if you like to be more 


accurate in your Work, to the right Aſcenſion of 


the Sun, add ſo many Degrees and Minutes, as the 
Time from Mid- day requires, every Hour count- 
| | | ing 


6 


ing 15 Degrees, and for every four Minutes a De- Lecture 
gree, rejecting. if it exceeds it, 360 Degrees; 


or the Degree of the Equinoctial, which then cul- ) : li} 


through the Point, obſerve where the Semicircle cuts 


Houſe. Then count from the culminating Point 


it, the Cuſp of the ſeventh Houſe: And as it is dia- 


eleventh, and the ſixth to the twelfth, 
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; lo by XXX. 


this you will have the right Aſcenſion of Mid-heaven, 


£ 


minates, which is to be placed under the Meridian. : "| 
Then faſten the Semieirele of Poſition to the Meri- 1 
ridian, at the Points of South and North in the Hori- | 
zon. From the Point of the Æquator culminating, 
count on the Equator 30 Degrees Eaſtward, and | 
bring the Semicircle of Poſition to the goth Degree, 1 
and obſerve in what Degree this Semicircle cuts the 10 
Ecliptick; that will be the Cuſp of the Eleventh 
Houſe, which muſt be ſet down on Paper. Again, 
move the Semicircle of Poſition to the Goth Degree 
of the Equinoctial from the culminating Point, and 
mark where it cuts the Ecliptick, and you have the 
Cuſp of the twelfth Houſe, which is likewiſe to be 
writ down. Bring the Semicircle of Poſition to the 
Weſtern Side, and count thirty Degrees from the 
culminating Point, and letting the Semicircle paſs 


the Ecliptick, that will be the Cuſp of the ninth ' 


again Weſtward 60 Degrees, and the Semicircle of 
Poſition, paſſing through that Point, will cut the 
Ecliptick in the Cuſp of the eighth Houſe: And the 
Meridian cuts the Ecliptick, in the Cuſp of the 
tenth Houſe. And the Place where the Horizon 
Eaſtward cuts the Ecliptick, is the Cuſp of the firſt 
Houſe, or the Horoſcope ; and the Weſtern Side of the 
Horizon ſhews in the ſame Ecliptick, where it cuts 


metrically oppoſite to the firſt, ſo is the ſecond to the 
eighth, and the third to the ninth, the fifth to the 


PROBLEM XVIII. Having erected the Theme, 
to direct any Point to any other Point, To a Planet or 
Aſpect aflign its Place in the Zodiack, according to 
its Longitude and Latitude; and chuſe any P 


lanet or 


Degree 


2 call the ſecond; then through the firſt Place, 


ASTRONOMICAL 
Degree of the Ecliptick, which would direct, and 
4 which, for Bitinlon-Ehte, we will cal the firſt Place; 
and the Place to which you would direct this fit 


which uſed to be called the Significator, draw the 
'Semicircle of Poſition, and mark that Degree in which 
it cuts the Æquator; then, keeping the Semicircle 
in the ſame Poſition, turn the Sele Weſtward, till 
the ſecond Place arrive at it, and then again obſerve 
where the Equinoctial is cut by the faid Semicircle, 
Subtract the Degree firſt obſerved, from the De 
obſerved in the ſecond; adding, if need be, 360 
grees; the Remainder is the Arch of Direction, which 
was to be found, 2 
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